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1.0 SYSTEM ORGANIZATION

The group of computer programs written and used to
conduct the prototype process simulations are functionally
divided into three parts. Those routines in the executive
section provide control and information on the progress of a
simulation run. The equipment routines perform the calcula-
tions necessary to model the unit process operations. The
auxiliary section is a collection of routines that provides
special calculations for equipment routines, interface other
programs, and summarize the results of a run. This functional
division logically follows from the block oriented design of
the system.

The blocks are the equipment routines, which are
connected together by streams. A stream, or stream vector,
represents the flow of material from one unit operation to
another. Thus, the simulations very much resemble the engi-
neer's flow sheet for the system being simulated. This type
of simulation system is quite similar to many used in the

petrochemical industry.

The following pages contain a description of the
system, operating instructions, a technical note describing
the equilibrium program used by the system, a sample data input,
and program listings.
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2.0 SYSTEM DESCRIPTION

The simulation system was written almost entirely in
FORTRAN V as defined for a Univac 1108. The deviations from
this language are slight and were done to use particular fea-
tures of the machine available to us. Conceptually the system
could be converted to run on any manufacturer's computer. The
labor required to accomplish this depends on the machine and
configuration to which it is being adapted. The description
that follows is of the major elements of the system. In some
instances it will be necessary to use some of the FORTRAN
language.

2.1 Executive Section

The executive program, or more correctly, the driving
program PROSIM first calls the card input routine READIN which
does the following:

1) reads and prints one card image containing

the run identification

2) reads a variable number of cards giving the
external equipment number, name, and stream
array. For a card having equipment No. I
(I<25), the six character name is stored in
the array location IDEQP(I), the input
streams are stored in the first five loca-
tions of ISTM(I,j), j=1,...,10. The output
streams are stored in the last five loca-
tions of this array. The stream information
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3)

4)

can be input in any order; the output
streams are denoted by a preceding minus
sign. The information on the card is
then printed.

Reads a card image containing the order

of process calculations. This is a

sequence of external equipment numbers
ordered from left to right indicating the
sequence of subroutine calls (equipment
calculations). The numbers are separated

by commas, or a subset may be enclosed in
parenthesis (1,4,7,8), to indicate a recycle
loop. Up to three such loops can be used.
They can be nested or separate. The list is

terminated by an asterisk.

Reads a variable number of card images that
give the equipment number and up to eight
parameter values. For equipment I these
values are stored in PA(IL,j), j = 1,8.
Upon furnishing these inputs the next call
is to the routine PRELD which utilizes
each equipment routine. This is where the
source equipment routines read their card
input if any. The next call is to PROCND
where all equipment parameters and inputs
for the simulation are printed in a

stylized fashion.

The routine PROLOG calls each equipment
routine specified in the calculation

sequence until all recycle loops are

454-9535
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converged or satisfied, which occurs when
the flag L3, L2, L1 are all zero, and the
sequence is completed. After all calcu-
lations are complete, the routine PTSUM

is called to print the contents of the
stream vector for all streams used. The
last subroutine called, ARTWRK, prints
outputs generated by equipment subroutines.

2.2 Process Equipment Routines

The technical description of the equipment routines
have been given earlier in this report. The description that
follows concerns itself with how they are used in the system.

2.2.1 Function

These routines perform the calculations of the process
simulation. Normally they implement equations and algorithms
to model the particular process unit operations by converting
one or more input streams into one or more output streams in
a specified fashion. This function is more simply described
by the reaction y = f(x) where x is an input stream vector,

y the output stream vector, and f£(-) the functional description.
In multiple inputs and outputs x and y are matrices. The loca-
tion and identity of x and y are supplied by the executive pro-
gram. In some instances, parameters that particularize the
operation of an equipment are necessary. These are read in

by the executive program and supplied to the routines when

they are needed. Thus the preceding relation is more formally
given by y = f(x;p), p being the parameter vector.
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2.2.2 Coding Procedures

The calling sequence for each routine is CALL NAME(P,$)
where NAME is six characters long, and P is the parameter array.

The following lines of code are required in the

routine to interface with the executive program.

INCLUDE CMMN, LIST

Iy
o
O L]
[75]
=
It

IDEQ(NL)
LIS = ISTM(LOCSL,1)
LOS = ISTM(LOCSL,6)

coding for process calculations

RETURN 2
END

LIS is the location of the first input stream.

LOS is the location of the first output stream.

Additional input streams if required are found in
ISTM(LOCSL,2-5), and additional outputs are in ISTM(LOCSL,7-10).
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These routines are re-entrant which means that the same
routine may be used to compute another unit operation in the
process having different parameters.

2.3 Stream Vector

The stream vector is not a program, but a specified
array of storage that contains the information transferred
between equipment routines. The locations in the vector are
the same for all of them. In the following table these loca-
tions and what they designate are listed.

TABLE OF STREAM VECTOR LOCATIONS

Number of Element ltem Units
1 Name E—
2 Flag ' —_
3 Flag —_
4 Flag —
5 Temperature °K
6 Pressure Atm
7 Heat Content cal/sec
8-9 not used —_—

Gas Phase

10 Gas Flow Rate g-moles/sec
11 SO, Content g-moles/sec
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TABLE OF STREAM VECTOR LOCATIONS (Cont'd.)

Number of Element Item Units

12 CO, g-moles/sec
' 13 NO g-moles/sec
| 14 NO, g-moles/sec
‘ 15 0, g-moles/sec
| 16 co g-moles/sec
| 17 N, g-moles/sec
| 18 HC1 , g-moles/sec
| 19 H,0 " g-moles/sec

20-30 not used S

Equilibrium Species

31 Moles total SO, g-moles/sec
32 ' Moles total CO, g-moles/sec
33 Moles total SO, g-moles/sec
34 Moles total N,0q g-moles/sec
35 Moles total CaO g-moles/sec
36 Moles total MgO g-moles/sec
37 Moles total Na,0 g-moles/sec
38 Moles total HCl - g-moles/sec
39 Moles total H,0 g-moles/sec
40-47 Not used —_—

Liquid Phase
48 Ionic strength —_—

49 PH —_—
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TABLE OF STREAM VECTOR LOCATIONS (Cont'd.)

Number of Element Item Units
50 Liquid flow rate g-liquid H,0/sec
51 Concentration of H' g-moles/kg H,0
52 Concentration of OH~ g-moles/kg H,0
53 Concentration of HSO, g-moles/kg H,0
54 Concentration of SO, g-moles/kg H,O
55 Concentration of SO? g-moles/kg H_O0
56 Concentration of HCO, g-moles/kg H,O
57 Concentration of CO, g-moles/kg H 0
58 Concentration of NOj g-moles/kg H,0
59 Concentration of HSO, g-moles/kg H,0
60 Concentration of H,S0,(4) g-moles/kg H,O
61 Concentration of H,CO,4(4) g-moles/kg H,0
62 Concentration of Ca'' g-moles/kg H,O
63 Concentration of CaOH' g-moles/kg H,0
64 Concentration of CaSO,(%) g-moles/kg H,0
65 Concentration of CaCO,(g) g-moles/kg H,0
66 Concentration of CaHCOZ g-moles/kg H,0
67 Concentration of CaSO, (1) g-moles/kg H,0
68 Concentration of CaNOZ g-moles/kg H,0
69 Concentration of Mg™t g-moles/kg H,0
70 Concentration MgOH+ g-moles/kg H,O
71 Concentration MgS0,(¢) g-moles/kg H,0
72 Concentration of MgHCOi g-moles/kg H_O



Radian Corporation

8409 RESEARCH BLVD. »

P.O. BOX 9948 »

TABLE OF STREAM VECTOR LOCATIONS (Cont'd.)

AUSTIN, TEXAS 78758 «

TELEPHONE 512 - 454-9535

Number of Element Item Units
73 Concentration of MgSO,(g) g-moles/kg H,0
74 Concentration of MgCO,(4) g-moles/kg H,0
75 Concentration of Nat g-moles/kg H,O0
76 Concentration of NaOH(j) g-moles/kg H,0
77 Concentration of NaCO, g-moles/kg H,0
78 Concentration of NaHCO,(g) g-moles/kg H,O
79 Concentration of NaSO7 g-moles/kg HZ0
80 Concentration NaNO, () g-moles/kg H,0
81 Concentration of C1~ g-moles/kg H,0
82-99 not used —
Solid Phase

100 Weight fraction solids g-solid/g total
101 Amount of CaO(s) g-moles/sec
102 Amount of Ca(OH),(s) g-moles/sec
103 Amount of CaCO,(s) g-moles/sec
104 Amount of CaSO0,(s) g-moles/sec
105 Amount of CaSO,:3%H,0(s) g-moles/sec
106 Amount of CaSO,(s) g-moles/sec
107 Amount of CaSO,-2H,0(s) g-moles/sec
108 Amount of MgO(s) g-moles/sec
109 Amount of Mg(OH),(s) g-moles/sec
110 Amount of MgCO,(s) g-moles/sec
111 Amount of MgCO,-3H_0(s) g-moles/sec
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TABLE OF STREAM VECTOR LOCATIONS (Cont'd.)

Number of Element Item Units

112 Amount of' MgCO, -5H,0(s) g-moles/sec
113 Amount of MgSO,(s) g-moles/sec
114 Amount of MgSO, *3H,0(s) g-moles/sec
115 Amount of MgSO,-6H,0(s) g-moles/sec
116 Amount of MgSO,(s) g-moles/sec
117 Amount of Soluble Na,0 g-moles/sec
118 Amount of Insoluble Fly

Ash g-moles/sec
119 Amount of NaCl g-moles/sec
120 not used S

3.0 OPERATING INSTRUCTIONS

Each simulation run is determined by data card entry.
The data sheets used for generating entries for the prototype
simulations are given in the following table titled PROSIM
CARD INPUT SEQUENCE.

First, an array describing the process matrix is
given. The number of the equipment subroutine is given in
columns 1-2. The name of the equipment subroutine is given
in columns 5-10. The numbers of the input and output
streams are given in columns 11-60. A plus sign is used to
denote an input stream and a minus is used for output streams.
These entries were fixed for the prototype simulations since
the process flow arrangement was not altered.

-10-~



PROSIM CARD INPUT SEQUENCE

Column
Number 0 2 4 10 15 20 25 30 35 - 60 FORMAT
Run -
Identification PROTOTYPE SIMULATION HO. __ ) (13A6)
Eq. No. Equip. Name Stream Numbers
Procgss 1 FLUGAS -1 (I2,2X,A6,1015)
Matrix 2 WTRMKP 14
3 CLRHTR 1 -2
4 SCRUBR -3 -6 2 15
5 CLRHTR 3 -4
6 DIVDER 7 -8 -9
7 CLRFYR 9 -10 -11
8 FILTER 11 -12 -13
9 EQMIXR 8 10 12 14 -15
10 OVALMB 2 14 -3 ~-13
11 FLTRBM 13
12 STKGAS 5
13 PMPFAN 4 -5
@ EOF (
Process . . S
Sequence 1, 2, 3 (10, 8 (7, 6, 9, 4))'5, 11, 13, 12% (80R1)

NOTE: The number of streams to be specified by each equipment subroutine is
fixed by that subroutine.

-'['[-

Radian



PROSIM CARD INPUT SEQUENCE (Continued)

inputs for the SCRUBR and CLRFYR subroutines.

Column
Number 0 2 10 20 30 40 50 60 70 80 FORMAT
Equipment
Parameters No. Pl P2 P3 P4 P5 P6 P7 P8 (12, E8.3, 7E10.3)
(CLRHTR) TIGS APT
3
(SCRUBR) LSR LISF NSP XLH(CAO) | XLH(MGO)
& 8.k%
(CLRHTR) TISG APT
5
(DIVDER) LISR
61
| (CLRFYR) LSF LSR LFB LWM XSsoc
| 7f  15.%% 8 . k% 13, %% 14 %%
\ (FILTER) XWSFB XWSCB XSOF
| il
. (OVALMB) XA(S0,) | XA(CO,)| XA(NO) | XA(NO,) X0 API | XLSU(CAO) | XLSUMGO)
L ———————— — —————
| 101
- (PMPFAN) POSG XUw
13
@ | EOF
*  Fixed entfies for the Prototype Simulation. These numbers designate the equipment
subroutine that requires these input data.
1 . .
= *% Fixed entries for the Prototype Simulation. These stream numbers are required
]

Radian



PROSIM CARD INPUT SEQUENC: (Continted)

Column
Number 10 20 30 40 50 60 70 80
Input
Stream
Quantities
FLUGAS VIFG TIFG PIFG l(8E10.3)
YFG(SOZ) (COZ) (NO) (NOZ)' (OZ) (CO) (Nz) (HCL)
YFG(H,0)
WILS
XWLS (CAO) (MGO) (CACO,) (MGCO,) (CASO,) (MGSO,) | (CASO,) (MGSO4)\
WIFA
(INS. FLY\
XWFA(NA,0) |\ AsH (NACL)
XLD (CA(OH) )| XLD (CACO,) | XLD (MG(OH) ,) | XLD(MGCO,) | XLD (MGSO,, ) | XLD(NA,0) | XLD (NACL)
XSD (CA(OH),)| XSD(CACO,) | XSD(MG (OH) ) | XSD (MGCO,) | XSD(MGSO,,) | XSD (NA,0) | XSD(NACL)
WTRMKP MINM(SO7) (o) (s07) (N03) (cath e (na™) (CL")
]
&

Radian
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Next, the sequence of process calculations is given.
This is an ordered list of equipment numbers denoting the desired
calculational sequence. The rationale for the order of calcu-
lations is given in Volume II, T.N. 200-014-19.

Last, an array of process equipment parameters is
listed in the PROSIM CARD INPUT SEQUENCE. Some of these entries
were held constant for the prototype simulations. That is, the
equipment parameters LSR, LSF, LFB and LWM were fixed entries
for the prototype simulations. Here, LSR, LSF, LFB and LWM are
the stream numbers (8, 15, 13, 14) for the slurry recycle,
scrubber feed, filter bottoms, and water makeup streams, respec-
tively. The SCRUBR subroutine is programmed so that it requires
specification of LSR, whereas the CLRFYR subroutine requires
specification of LSF, LSR, LSB and LWM. Definitions for the

remaining program entry variables are given below:

TIGS - temperature of the flue gas stream (°F)

TISG - temperature of the stack gas stream (°F)

API - pressure drop (atm)

LISF - scrubber feed rate (gal/min)

XLH(J) - fraction J hydrating in scrubber

LISR - 1initial value for slurry recycle rate (gH,0/sec)
XS0C - clarifier efficiency

XSOF - filter efficiency

XWSFB - weight fraction solids in filter bottoms

XWSCB - weight fraction solids in clarifier bottoms
XA(J) - fraction of J absorbed

X0 - fraction of SO, oxidized

XLSU(J) - fraction of J utilized in the system

POSG - pressure of the stack gas stream at the I.D. fan

outlet (psia)
XUW - fan efficiency

-14-
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VIFG - velocity of the flue gas stream (acfm)
TIFG - temperature of the flue gas stream (°F)
PIFG - pressure of the flue gas stream (psia)
YFG(J) - mole fraction of J

WILS - weight rate of limestone (1bm/min)
XWLS(J) - weight fraction of J

WIFA ~ weight rate of fly ash (1lbm/min)
XWFA - weight fraction of J

XLD(J) - fraction of J from LS that dissolves.
XSD(J) - fraction of J from SF that dissolves
MIWM(J) - concentration of J in water makeup (mg/%)

A sample input deck listing (for PSN #2B) is given in
the first part of Section 5.0. The equipment numbers, equipment
names, stream numbers, calculation sequence, and fixed parameters
correspond to those shown in the PROSIM CARD INPUT SEQUENCE
table. It should be noted that not all equipment subroutines
require input data. Thus, no equipment parameters for these
subroutines are indicated in the PROSIM CARD INPUT SEQUENCE
table. Specification of input stream quantities for the inlet
gas-solid stream (FLUGAS) and for the water makeup (WTRMKP) is
indicated on the last page of the PROSIM CARD INPUT SEQUENCE
table.

-15-
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4.0 TECHNICAL NOTE 200-004-17 - A DESCRIPTION OF THE
RADIAN CHEMICAL EQUILIBRIUM PROGRAM USED IN THE
PROCESS MODEL SIMULATION SYSTEM

-16-
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1.0 INTRODUCTION

The Prototype Process Model Simulation Program
required certain modifications be made to the Radian Chemical
Equilibrium program. These changes consisted of redefining
the inputs, computed quantities, and the addition of a few new
variables. The basic structure and operating characteristics
of the program was not markedly changed.

The following is a technical description of the

modified program.

2.0 PROGRAM INPUTS

The normal inputs to the program are the solution
temperature, the key species, and some option flags. The solution
temperature, in degrees Kelvin, is used to compute equilibrium con-

stants, number of moles of hydrated water per mole, and constants
associated with activity coefficients.

The key species are total moles of the following
neutral species: SO,, CO,, SO;, N0z, CaO, MgO, Na,O, HCL,
and H,0. These are the inputs for normal operation; the
optional inputs will be discussed in a later section.

3.0 PROGRAM FORMULATION

The program essentially solves sets of nonlinear
equations. The possible equations solved and variables solved for
are listed below:

H™ OH /YH20

Keqy,50, = 2H+?HSO; (2)

-17-
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Radyso; = 2ut?soz
Kedpso; = 2mtsop
Kefy,co, = 2mt+uco;
Refpco; = mticos
Kr3caont = @catt3oH"
Reacaso, = 2cattisos
Keagaco, = @cattos
Kiodcancor = 2cattaHco;
Ki1d3pa50, = @cattasor
Riza8canotr = 2ca*teno;

Ky, [CaC0s ()] = ag,++3502

h
Ksp[CaSO4 (s)] = acattagos YH:O

P>

2
K, [€as0s ()] 2 agu+tagos ¥i, o0

. 2
KgplCa(OH); (S)) 2 ac,+tagy-

Kiz@pgonpt = 2Mg++2on-
Kisaypgo, = amgttasos
Kieamgucor = amg+tanco;
Keodygso, = 3Mgttasor

-18-
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(3)

(4)

(5)

(6)

(7)

(8)

(9)

(10)

(11)

(12)

(13)

(14)

(15)

(16)

(17)

(18)

(19)

(20)
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Where:

Ke laMgC()s

KsP[Mg(OH)a (s)] = aMg'HaOH'

Ky [Mg50, (8)] = ay tiago=vy?,

h
Ks» (MgCO5 (S)] = aMg'H'aCOEYH:O
Res@Naom = 2Naton-

KeeaNaco; = 2Nat?cosz

ReedNanco, = 2Na+?HCO;

Ken8yaso; = 2Natisos

Reednano, = 2Na+®NO3
a; = ym = activity of component i
Yy = activity coefficient of component i
m; = molality (moles/KgmH;0) of component i
hi = number of moles hydrated water per mole

of component i

(21)
(22)
(23)
(24)
(25)
(26)
(27)
(28)

(29)

Letting Ly be the amount of molecular water in kgms, then the

material balances are written

Total

- + mana= + m 4+ m

SO, /L, ~ ™HSO; SO3 Hs SO CaS0,

* Meas0, () T ™Mgso, T ™Mgsos (S)

-19-

(30)



Radian Corporation

TOtalcoz/LK

TotalSoa /L
Tota 1N2 0, /L

TotalCaO/LK

8409 RESEARCH BLYD. » P.O. BOX 9948 o AUSTIN, TEXAS 78758 ¢ TELEPHONE 512 . 454.9535

+ m + m

Pyco; T Mcos T ™m,co, T Mcaco, T ™cancot

+ Meaco, (5) + PMgHCOF T ™MgCO,

* Myoco, (8) T ™Naco; Tt ™NaHCO, (31)
Usoz T Myso; + Mcaso, t Mcaso, (S)

+ mMgSO,; + mNa.80; (32)
(mNog + meanot mNaNoa)/ 2 (33)

Moa++ + Mcaon+ * ®caso, + ™caco,

* Meancof T Mcaso, ' Mcanof T Pcaco, (S)

* Measo, (8) T Mcaso, (s) T Mca(OH),(S)  (34)

* Pygco,* ™Mgso, T ™Mg(OH), (S)

T MMgco, () T ™MgS0s (S) (35)

-20-
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Totaly, o/L, = (mNa+ * MNaon t ™Naco; T ™NaHCO,
* Myaso; * mNaN03>/2 (36)

the electroneutrality equation

Wt + 20ca++ + Boaop+ F Peancod Mcanof t Mgt
t Mvgncor T PNat T Ton T Puso; - “Msor - 2Mso;
~ Myco; T 2Mcor T ™oz T ™HSO; T ™NaCo; T MNasop

-mg- = 0 (38)
and finally the water balance equation:

Total _ +m

- L
Hy0/Ly = 55.50622 + 2<mH+ + mog- + MHSO; HSO;

+ 2m

+ Myco; H,50, T “™,c0, T Mcaou-

Mcalco? T M™Mgont t ™MgHCOT T ™NaOH

+ TNaHCO, T mey-) + MCa (OH)4 (S)

* Mo (0H), (S) T #caso, (s) T PrMcaso, (s)

* hamyes0, (s) T PeTrgco, (5) (39)

-21-
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The number of equations and unknowns that are solved
with this program depends upon the number of key species input.
If for example, SO; is zero, then all equations and unknowns
involving this input are omitted from the calculations. If all
of the input species are zero then only the trivial case
involving my,- and myy is solved.

4.0 PROGRAM OPTIONS

A number of options have been incorporated into the
program that modify either the specifications of inputs or
unknown variables. These options are utilized in the process
simulation model and in the analysis of experimental data.

A. Suppression of Solids Precipitation

This option simply deletes the seven solid species
and precipitation equations from the calculations.

B. Partial Pressure of SO .

In the basic mode of operation the partial pressure

of SO, is computed after convergence by

Pso, = @H,80,/YH,0% 50,

where K 5o is the partial pressure constant
2

However, there is an option where Pgq, may be
2
specified as an input and the program computes My S0 and
2 3

N 50,

-22-
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C. Partial Pressure of CO,

The same option as is discussed in (B) is available
for CO;. These two may be used separately or together.

D. Weight Percent Solids

The fraction of solids in an aqueous solution is

given by
X, = Weg +Wees
s “mT +'“MES
where
Wes = weight equilibrium solids
Wyes = weight nonequilibrium solids
Wyt = weight total input species

For this option, the weight fraction of solids, X;,
replaces NTHEO as an input. The constant Wy, is also input.
Since Wy, and the unknown NTHQO are functions of the molecular
water Ly, this option merely replaces equation (39) with the
one given above. After convergence the total moles of water
is printed.

E. Specified pH

Normally the pH of the solution is computed and
printed after convergence; however, an option is provided to
specify the pH of the solution. Since this eliminates one
unknown, the electroneutrality equation (38) is not used in
the calculations. It is computed after convergence to give
an error estimate of the size of unknown species that might

_23_



Radian Corporatlon 8409 RESEARCH BLVD. » P.O. BOX 9948 o AUSTIN, TEXAS 78758 » TELEPHONE 512 - 4549535

be present in the solutions. This option is used primarily
in the analysis of test data.

5.0 OPERATING INSTRUCTIONS

A. Calling Sequence

CALL SOLNEQ (X, NS, CM, PP, TK, IOPT)

B. Arguments
X = An array containing the initial guesses
for the molalities, when the routine
returns X contains the solution.
NS = 1, No solids are considered in the
solution.
= 0, Solids are computed.
CM = An array containing the input moles.
CM(1l) = Moles of SOz
CM(2) = Moles of COz
CM(3) = Moles of SO;
CM(4) = Moles of N,O0s
CM(5) = Moles of Ca0
CM(6) = Moles of MgO
CM(7) = Moles of Naz0
CM(8) = Moles of HCL
CM(9) = Moles of H;0 or weight fraction of
solids (Xs)
CM(10) = Moles of Wye¢s, or pH

if CM(I) = 0, then variables and equations are
deleted from the solutions.

~24 -
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PP = An array containing input partial pressure
PP(l) = pSO; (atm)
PP(2) = pCO; (atm)

TK = Temperature (Kelvin)
IOPT = O Use CM(1l) and CM(2) as inputs, compute

PP(l) and PP(2).

= 1 Use PP(1l) and CM(2) as inputs, compute
CM(1l) and PP(2).

= 2 Use CM(l) and PP(2) as inputs, compute
PP(1l) and CM(2).

= 3 Use PP(l) and PP(2) as inputs, compute
CM(1) and CM(2).

= 4 Use CM(9) = Xy and CM(10) as inputs,
compute HzO.

= 8 Use CM(10) = pH as an input, compute

the error in the electroneutrality equation.

C. Diagnostic Messages and Error Stops

If the number of equations does not match the
number of variables, the routine exits via CALL EXIT,

D. External References

There are two routines subordinated to SOLNEQ:

CTEMP
NOLIN

6.0 REFERENCES

The description of the equilibrium program may be
found in Volume I, Section V of Radian Corporation Final Report
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for Contract CPA 22-69-138, "A Theoretical Description of the
Limestone Wet Scrubbing Process', 9 June 1970. The equilibrium
constant and activity coefficient formulation is also given
there. Radian Technical Note 200-004-02 discusses the activity

of water.
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5.0 SAMPLE INPUT DECK AND
PROGRAM LISTINGS

-27=
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SAMPLE INPUT DECK LISTING

i XET PROSIM
PROTCTYPE SIMULATION NU. 2-B

1 FLUGAS -1
Py w TRMKP -14
3 CLRHIR 1l -2
Y SCRUZR -3 -6 é 1%
% CLRHIR 3 -4
6 DIVRER 7 -8 -
7 CLRFYR 9 «10 =11
£ FILTER 11 -12 <12
9 EnmMTXR & 10 12 14 =15
1C ovaLMyg 2 14 -5 -14
11 FLTRSM 13
12 STKGAS 5
13 PUpPFAN y =Y
o EQF
19293(10e8(TeHme904))59411015412x%
2 225 144
4 e 1400. 1. 2
5 25U, o144
£ 62118,.,95
7 15, 6 13, 14,
# o5 «3 2U1
10 .9 $e24U15=-04 el 1.
15 14,696 « 89
a EOF
100000, 275, 14.696
.002 olqﬁ uobt‘u 5.5-5
08
31,3824
1.
40.03
1,1216£-3,991428 TJud6H-5
o U 4 o U o U
e 35 e 39 35 e 39

A REEEEREERERREKEARKKF A X EXE KK X KK REMQOITE

o2

« U1

)

N o

Si1o¥

288 «75 o795
o, « 7425 0.
oY ol
.35 .65

32232 3322222222222 sl )
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al FOR ARTWRK

160
101
200
332G
4¢0
5GC
630

SUBROGUTINE ARTURK

INCLUDE CMMNoL IST

DIMENSION LB(4)

DATA LBUI)/*REHEAT /LB (2)/ *ER */LBU3Y/PCOCLERY/ LR ()

WRITE(Es 100}

CaLL DATIME

WRITE(E,101) LABEL

WRITE(E«200)

WRITE(Ey 30O)

WRITE(E+800) PRD(I2)+PRO(ICT)

WRITE(Es S00)

Is:l

IRD=97

DO 1 Iz1e2

WRITE(G+600) LBIISIoL3(IS+1)ePRDIIER)
ISzIS+2

IRDz-IRD+1

CONTINUE

FORMAT (1H1)

FORMAT(1H+es 45X ¢ 13A2)

FORMAT (45Xe* EQUIPMENT DUTPUTS */)
FORMAT (10X e*T.D. FAN POWER REQUIEMENTS ;)
FORMAT(1OX s " HORSEPOWER =% IPE1GeUs X e *KILOWATTS 'y 1PE1C.4)
FORMAT (1CX » *COCLER/REHEATER; *)

FORMAT (1IH ¢2%XeA6e82¢° HEAT DUTY - Fl0.2e *CAL/SECY)
RETURN

END
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N M

SUBSROUTINE ASTAR(X«CARTL)

t.*t!tit‘t‘t‘t‘t#t#ttt‘t*#tt‘t‘t#t“tttt‘.###t‘tttt"ttttti‘t‘.#“"‘

x

*

&

THIS ROUTINE MULTIPLIES THE DERIVATIVE
TRANSPOSE AND THENMN SCALES THE PROGUCT

‘t““‘tt‘#‘*‘ttt"t't*ttt“*"t‘#‘#t*‘t*#‘t#*tt#'t#‘t#t#t‘t‘tttt"t

COMMON /GRAD/PDIS5CeS0)eAS(S0e50)eSEIET)

COMMON /LIMS/NF

DOUBSLE PRECISION SUM

DOUBLE PRECISICN PDeASeSTeX
DIMENSTION X (1)

caLL PARTLI(X)

00 1 Ic-1leNF

SUM=-Q.

DO 2 K=-leNF
SUMzZSUM+PD(K s I)2PD (U 1)
CONTINUE

SQ(I)=SERT (SUM)

IF(SO(T)olTal.E-4) SQ(I)Zl.5-4

AS(IeX)z1l.
CONTINUE

NFI-NF-1

DO 3 Iz1sNF1

JSc-I+1

DO 4 J=JS e NF

SumM=3.

DO S5 Kz=1lsNF
SYMISUM+PD(Ks I 1 2PO (X J)
CONTINUEL

AS(Ie JYSUMZLSEQ(I)2SO(J))
AS(Je I)=AS(TIvJ)
CONTINUE

CONTINUE

RETURN

END

MATRTIX BY

ITS

*

*
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&I FCR CLRFYR
SUBROUTINE CLRFYRI(P,%)
L S R T IR Py
C = THIS ROUTINE ACTS *
C » 4 SOLID-LIGUID *
C = SEPERATCR *
A S T P P T
INCLUOE CMMNsLIST
LOCSL=ISEQ(NL)
LISZISTM(LOCSLe])
LOSI-ISTMILOCSLebB)
LOS2ZISTM(LOCSLY T)
LSFz-P(1)
LSRzP(2)
LFBZP(3)
LWMz=P{4)
KEY1=SVILOS1+2)
IF(KEY1.NELD) GO TG )
PRO(ZB)I=(1.-FP(5))x]120.
RETURN 2
1 CONTINUE
SVILCS 1 SISV ILCS 26 7))
SVILIS +5)ISVILOS 24 %)
SVLLOS 1y 43IV ILLS 200D
SYLLIS+U3) 5V ILNT2s8D)
SVILISe48)ZSVILOSZ2e )
SYLLOS1+443)ZSVILOSZy43)

(@]

0C 2 I=z51,81
SVILOSIsI)ZSVILCS2, 1)
SVILIS »I)zZSVILGS2eT)

2 CONTINUE
c
SVILISe SOOI ZSVILSFeSOI+SYUILFR¢5D)-SVILWMeSCI-SV(LSReEG)
SVILOS1e50)=SVILIS +5C)-SV(LOS2y50)
c

XWS =SVILOS 2y 130)

R3I=XWS/ (1-XWES)
R1Z(R3/1(1-P(5)) ) (SVILOS2s50)/SVILISY SC))
R2=P(S5)*R1x(SVILISsSC)I/SVILOS1:50))
XWSFzZR1/(1+R1)

SVILIS» 100)=XUSF
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n

XWSLzZR2/(1+R2)
SVILOS 191000 2XWSL

DOS Iz-101.119

SY(LOSIa Iz (XWS =XWSFI/ AXWSF-XWSL)) » (XUSL/XWS
CSVILIS»IIZSVILOS T TD+SVILOS 29I

CONTINUE

CaLlL TOEQSP(LIN)
CALL TOEQSPILES])
RETYURIN 2

END

YESVILOS2.1)
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ST
[+ L3P

o NeNaNe)

(@}

FCOR CLRHTR

SUBRCGUTINE CLRHTR(P.%)

[ EEEEE SR E RS EERES RS AR E R AR SR SRS

*
*

THIS ROUT INE SIMYULATES &

HEAT EXCHANGER

3
*

I AR SRR ERS TR RS R R R R R R RN R R R R SRR RS R,

[ ]

n

INCLUDE CMMNSLIST

LOCSVZISEQINL)
LISZISTMILOCSV1)
LOSZISTMLGCCSVE)
KEY1zSVILOS, 2)

IFAKEY1.NE. ) GO TN 1

IRD=97
TUSECTIUSE+)
TF(IUSELNE.]1) GO TC
eRDI3C)IZP(Y)
PRD(E2)=P(2)
GO 70 4
PRADI31IZPLY)
PRO(EY)Z=PL2)
CONTINUE
RETURN 2
CONTINUE

SVILCS«S5)Z(P(1)+452,888)/1 .8
SYILOSB)I=SVILISeE)-P(2)/14.E672E

00 2 I=-10s12C
SVILOSeIDN=SVILIS.I)
CONTINUE

CaLL DHGS(LIS»H1)
CaLL DOHGSU(LOSeHZ)
SYLLOSeTIZH?
SVILISy7)zHY
G-H2-H1}
PRG(IRD)Y=Q
IRG=IRD+]

RETURN 2

END
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3T FOR CONVCO
SUBROUTINE CONVCO(XsYeYAW4SeTL)
C
IFC(IL.NE.D) GD TO 1
X0zX
Yocy
X=X 0+(YA-Y}/S
IFIXeLlT0Ws) X=0u
RETURN
1 CONTINUE
SLz(Y-YO)/ (X-X0)
X1zXx
X=X O0+(YA-YG)/SL
Yozy
X0zXx1
RETURN
END
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al

FOR CONVSO

wn

SUBROUTINE CONVSOUX o XMXs XMNe Yy YMXoYMNy YDy 1I0)

DYz-Y-Y0

IF(IC.EQ.C) XC=X
IFCABS (1-X/X0) LT1aE-2) 50 TC 7
x0=X

IF(DY)1e2+3
IF(Y.LT.YMN) GO TC 4
YMNZY

XMNz=X

INZIN+]

IPz0

G0 10 &

X-e3IxX

G0 T0 2

IF(Y.GT.YMX) GO TC &
Y MX Y

X MY =X

IPzIP+]

INZD

GO 70 &

XZ1el=X

GO0 T0 2

CONTINUE

IF(IC.ER.DO) GC TO =
SL=A(Y1-Y)/ (X 1-XC)
CONTINUE

ICz1

XzX0-DY/S5L

IFCARS {1 e~X/X0)aBT elef=2) Xz(Xe¢X0)/ 2.
Yizy

X1zX0

X0zX

G0 10 2
SLo(YMX-YMN)/Z (XMX-XMN)
XZ(YO-YMN)/SL+XMN
DX=X=~-X0

SL(Y=-YO0)/ (XO=-X)
LC-LC+1

IFLLC.ES.4) IC:=C
X1:=zX
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2 RETURN
END
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SUSROU INE CEMP "7K)

COMMON /PPRESS/PK(2)eb 1oL 2
COMMON/FUNC/F(S3)sCK(SD)eCTL1C)
COMMON/TEMPER/ ACH»BCsCPK I Z) o NKHY (S) WS (1 D)
DIMENSION A(31)eB(31)eCE31)1eD(31)oL3(52)9EK25L3])
DOUBLE PRECISION FeCK,CT

[ 2N R JEE JEE IR

DATA (LB(I)s IZ1vB0)/*H20 e ! e "TH2503Z *»? Yy THSO3Z e
1 Ye "HIC4 e Yo "H2CO0Z ' ‘e 'HCO3 ' ' 'CAO
2H+ Yo YCASNY *y* ‘e TCATCY vy Yo "CAHCOZ2%r "+
I, C8S04 Yo "CAND3+y? *y *CACC3(*e*S) Yy N
UCASCU( *y *S) Yo LASDZ( %, 'T) Yy *CA(OH) % '21(S) Yy *MGCHe *y *

S *e *MGSO02 T TMGHC O3, *e Ty TMGSOU 0 *e*"MGCO3
6% ° Py *MG(OH) "y "2 (S) Ty *MGL0I( %y *S) Te*NACH ! !
TNACC3- % * Yy *NAHCO3 %y * ‘e *NASO4- %y " Yo *NANQT *°

8 'y *PR(S02% ") Y *PPULCO2"% ") v/

DATA (EKZS5(I)y IZ1e302)/ «1C12CE-13 +129575-C1y WLIZZLTIESDT,

*  J1039%6E-Cle L 44512E-356 +HEB1TE-13 ~U2229E-01y «3232%E-02
*  .52399KE-03s .550028E-C1y «Y48369F-02y 4843575 v «UBBCSI-08y
*  J24C0CE-DUy LBUCOUE-OT7y «S5287E-D% «2ELBDIE-02y «118997E-02y
= .1198010C v < 56E3€F-C2 «29329E-02y «12552€-13 «2150DE-Cuy
*  2,T71%40 v < S40D2E-01, 1.77830 r 1803240 ’ 511720 '
*  1.21583 v L 347158-01/

DATA (A(I)sI=1,3C) / 4u71.0 r -£843,87 ’ -633.34 ’

* 47S.14 * 3404.7 ’ 2902.4 vy =273.C8 » -504,.2C v
* -475.48 vy -301.85 ' 2572.1 v -1245.0 y -1fg0.C v
* 43%44.0 ’ «00001 ’ 76€5.60 v -517.99 r  -4322.50 ’
+ -235.08 » -1057.9 v -504.80 v ~—4BR{ILES v+ -98S.14 ’
* .Q000C0 v =-30Z%.41 v « 000307 v —-241.400 ’ « 03005 v
*= -1270.0 v+ -101S.0 /

DATA (B(I)eIZ=1+30) / <3000 v «350C0 ’ .« 0G50 ’
.0oena ’ «3000N ’ «CO0CB0 ) «CC3CG ’ « 30013 v
.0Q0Cg ’ +30000 ’ 23.15C ’ <0503 ’ - 03000 ’
37.745 ’ araooec ’ HoUTTE-T7 «3GGC00 v PRsisissnie v
.205600 ’ «GCODECS ’ «030C0 v «0I050 ’ « T3N3 v
«Q0CCC ' LC0000 ’ . 00000 ' «035000 ’ « 00270 '
. 30000 v »0054873 /

DATA (C(I)»I=1,30) / «170%E-C1» +CGCCD ’ «GC0CO0 '

* L 18222E-0C1le  .32736E-01 «2372E-{1 «CL500 v » 02020 ’
* «30C0C ’ «3J03C0 ’ . 0C300 * s ' - 0007 g ’
* .000C0 ’ «00G030 ’ «C1T1285 L0050 ’ .007Cco ’
* .030000 ’ «0C0CT ’ + SJCT0C ' 0008 ' « 3075 ’
* «52000 ' .CCO00 ’ »SCCC3a ' «50CCN * <0000 ’
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* -00000 ’ «301GC0 /
DATA (D(I)»IZ1s30) / 6.OETL vy -4.7171 ' ~F.3320 '

* S.0435 ’ 14 .8u43 ’ 5.49838 vy =2.2300 ’ -5.0°13 ’
« -4.,7954 v =2.2723 v 52,883 v -U4.4300 r -12.2130 ’
* 105. 36 v =T7.0757 ’ 2e424 vy -4.,2222 v =-4.,371% ’
+ -1.7470 v -5.7950 + -%5.3917 v -12.514 + -T7.871C ’
* «ST00C v =-2.2352 ’ « 25300 v -1.5290 ’ 243000 ’
* -4,5100 vy =-4,37C0 /

DATA WS(1)/774,10/4S{2)/100.29/WS {31/ 12C14/WS(8)/122.18/KSIR)
*/58B.34/WS(7)Y/84.33/

DATA A(31)/802.2/0(31)/-1.583/7LBUE1)/*MESO2( /LB(G2) /%) v/

DATA EK25021)/5.3272E-5/

100 FORMAT (1H1)

101 FORMAT (9X s AE e AUy B{1PEID. Uy BX 1))

102 FORMAT (9X e "REACT ANT K(2S CI o EXe"KITEMP) s 10X *4 %) 18UXe *2% 14Xy
x*Coy 14X+ D7)

102 FORMAT (44X *EQUILIBRIUM CONSTANTSY)

106 FORMAT(//+¢21X¢*THIS PROGRAM DLECVELCPED BY RADIAN CORP. UNDER NAPCAH/
*HEW SPONSCRSHIPT®)

107 FORMAT (35X * TEMPERATURE *9F1G.e 30 DEGREES C*/7)

106 FORMAT (/17Xe *HYDRATES IF PRECIPITATEDN ARE MGCGLO3%%y Il *HZCeMGSO3x?*
9 T1e *H2C0e CASO3I2{1/2)H20")

109 FORMAT(1H++2 81X *sCASOY*2H20")

IF(TOLD.EQ.T¥) RETURN
TC-TK-273.16

WRITE(E.100)

KRITE(E.107) TC

WRITE(E»1C3)

WRITE(6+182)

TCZ2=TC»+TC
DC=87.740-0.40008+TC+9,298F-4=TC2-1.L10E-6*TC2=TC
AC-1.8246E6/ (DC*TKsSGRT(DBC*TK) )
AC=2.3C28%4AC
BC250.29/S0RT(DC+TK)

OBM=2.3025851

D0 1 I=1.28

CKETI)=DOM+(—-A(I)}/TK-B(T)=ALOGIO(TK)I-CUI)«TK+D (1))
IF(I.E0.14ANDTCaGT olGa) CK(14) DM (-T701481/TK-1.72E3E-6+8L051C(T
*K)-e0193556E+TK+3.7175)

IF(I.NE.23 0 0 2
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CK(29)=DMx (- 8(31)/TX+G(31)}

IF(TCeGTo38.) CK(29)zDMx(IE5,.2/TK-7.135)

EK=EXP(CK(29))

WRITE(Ge101) LBUELYeL2UE2) o EK28(31 e EKeAL31)e3031)eC(31)eD(21)
CONTINUE

EXZEXPICKIT))

IJSz-2x1-1

WRITE(G»I01) LBCIS)H o LBUIS+1)eEK25(T)eEKoeA(I)s3(T)oClI)yD(T)
CONTINUE

DO 2 I=29.20C
TEMP DM {-A(T)/TK-2 (I ALOB10(TKI-CLEI)xTK+DII))
EXZEXP(TEMP)

JzI-23

CPK(J)ZEX

ISz2+1-1

WRITE(Se1C01) LBLIS)eLBUIS+1)eEKZ250I)eEKe ALTI) BT}y C(I)e5(T)
CONTINUE

NHY (1122

IF(TC.GT.4C0.) NHY(1)Z=0

NHY (2) =5

IFITC.GTL25.) NHY(2)Z3

NHY (3) =€

IF(TC.GTW38a.) NHY(3)=3
WS(5)z13€.10+NHY(1)#%18,016
WS(B8)-B4.33+NHY(2)*18.015%
WS(2)-1D4.38+NHY (312,015
WRITE(G 108) NHY (2)Y 9 NHY(3)
IF(NHY (1) JNELGC) WRITEL(G, 13D
WRITE(E,» 104)

TOLD=TK

RETURN

END
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aN FCR

o Y R T T T T I I I
THIS ROUTINE FINDS THE CORRLCTION VECLTCR
o ey E R R R TR R T S T T N B R S R R N e

COMMON /GRAD/PO(STe S0) e AS (SN S0 eSE(ET)

C =

C
2
1
c
3
C
C
4
7

DELTA
SUBROUTINE DELTA(DELT» XL}

COMMON /RESID/ GS(ED)

COMMON/FUNC/F(ET)e CK(SDILCT(1D)

COMMON /L IMS/NF
OOUBLE PRECISION As 3eDETRAM

O0UBLE PRECISICN PLyASeSUy ESeDFLT

DOU3LE PRECISION FelM,CT

DIMENSTION A{SGCeSC)y 2(5Ce 1)eNELT(1)

AM=-10.

00 1 Iz1eNF
B{I«1)=0.
B{I+1)265(T)
DO 2 JZ1leNF
&(I’J’:C-
A(IsJ)zAS(Iv )
CONTINUE
CONTINUL

BO 3 T:z1eNF
A{TIeIN-A{TIsT)+XL
CONTINUE

CALL MATIN(A+NFeEy 1o NETEM)

AMAGZD.

DO 4 Tz1eNF
DELTLINIZ=B(I,1)/SG(T)
AMAGCZAMAG«DELT(TI)*DELT (I)
CONTINUE

AMAG=SQRT (AMAG)
IF(AMAG.LT.AM) RETURM
0O 7 I:z-1eNF
DELT(I)-AMADELTI(I)/ AMAG
CONTINUE

RETURN

END

*
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21 FOR DHTOT/S+DHTOT/S»DHTOT/R
SUBROUT INE DHTOT (L+DHe IFLAR)

s EeNasEaNasNaNalsNeoNeoNeNeNsNoRaNsNoNasNeoNeNsNeNaNaNaNoNasNeNeoNeo NN NoNe Ne e Ne e

AR NSRS R R R ERE SR RL Rl R RS R RS2 RR R 2R R R Rt E SRR RRE R R NSRS ESE ]

*
*
=
*
*
*x
*
*
*
*
*
*

ENTRY DHG(L+DH) -THIS ENTRY COMPUTES GAS ENTHaALPY PHASE(DH)

ENTRY DHL(L.DH) -THIS ENTRY COMPUTES LTIGQUID ENTHALPY PHASE

ENTRY DHS(LsOH) -THIS ENTRY COMPUTES

FNTHALPY

*

THIS SUBROUTINE CALCULATES THE ENTHALPY OF 4 GA&S-SOLID-LIQUID=

STREAM RELATIVE TC SOME REFERENCE STATE. THE RFEFDRENCE
TEMPERATURE WILL BE TAKEN AS 275 C (298.15)e AND THE
REFERENCE OF ELEMENTS AND H+ HAVING ZERD ENTHALPY WILL

BE TAKEN. THE CNMPGSITIGNS AND AMOUNTS OF TACH PHASE aerf
TAKEN A4S KNOWN. THE NECESSARY THERMCCHEMICAL DAT& BRE TAKIN
FROM THE LIWS DATA BASE, THE SUBPOUTINE IS WRITTEN IN TERMS
OF THREE PARTS-ONE WHICH CALCULATES THE ENTHALPY OF THF $AS
PHASE ¢ ONE WHICH CALCULATES THE ENTHALPY OF THE SCLIN-

*

% R OX 4 K N #

PHASE +AND ONE WHICH CALCULATES THE ENTHALPY OF LIGUID PHASE.x*

CNLY»FOR L TR STRZAM (IFLAEZ] )
(DHICNLY FGR L TH STRPAM (TIFLAGZZ )

(OH) CNLY»FQOR L TH ST M LIFLAGZT )

ENTRY DCHGS(L.0H) -THIS ENTRY CGMPUTES AS-SOLTD ENTHALPY

ENTRY DHSL(LsDH)

PHASE (DH) FOR L TH STREAM (IFLAGZG )

~THIS ENTRY COMPUTEZ SOL
RE

< I
PHESE (DHIFOR L TH STREAM (IFLAGE

ENTRY DHSLG(L.DH) -THTISC ENTRY COMPUTES SOLIC-LIGUID-5AN

ENTHALPY (DHIFSR L THW STREAM (IFLAGZF )

SOLTD ENTHALPY PHASE
<Fa

O-LTLUTID ENTHALP
G5 )

EEREREREXER X RS SR KA AKX KR KT R E RN KR RAAKEFKE R X K XK KX E X R K ER KB F ek k% k® X




aOM O N

)

M

_zv-
[z NaNeNe!

(e Ne)

IFLAC ~IF ENTERED THACUSH STANDARD INTRY,¥aLUE
OF TFLAG DETEOMINES COMPUTE CPTIGN 8S
INDICATED 42GVE.

INCLUDE LCMNeLIST
INCLUDE CMMN,LIST

REAL NGSsNWeMWIMI

ODEF INE DIt = 87,740 - JUGSC0AS(T=-272.16)

1 +9, 3985 -un(T-272,15) %2

2 ~1eG10F-Es(T~272.156) %3

DDEF INE oOT (T ) T -eUCT38 + 1.8738F=34(T=-272,16)
1 “U,23F-5 % (T-272.161 %%

DEF INE Tay(T) = DRTUTI/D(T) + 1.0/7

QDEF INE DLIT) T 4.99%95282

1 +L4ET2E61FE-u x T-273.1%)

2 - «T4I0S0THE-5 2 (T-272,15) %2
2 +.8107235836-7 &  (T-272.15) ¢*3
4 ~e123TCTCRF-2 % (T-2T72.16)»%4
CDEF INE ALPHA(T) =z-((+.4ET72E£155-4)

1 2.2 (= 74]105NT7L4E-5) «(T-273.1¢)

2 +3.%(+, 4107985335 -7)%(T~273.10)%s2
2 U4 * (= 133707085 -3)x(T=272.1C)%%3)/00LU(T)
COFFINE 4(T) = (1.3246FE+0F)*» SGRT(OL(T )/

1 SGRT(DUT)I*T )eel

COEF INE B(T) 2 (S0eZ22) » SORT (DLAT) I/

1 SOERT L D(T)IxT)

NEF INE BETA(TeTI) = BLIT(I)*«R(TI*SGRT(CAPI)

I EE REIEERE RS ERES RS A S LRI RS SR SRR R R R R AR IR RS R R R R ERS RS RS REIREN]

I€ (IFLAG.LT «1e0RTFLAGLGT 5) GG TG 3
S0 TC &4
3 CONTINUE
PRINT 11Ce IFLAG
110 FORMAT (25X *EPROR STOP IN ENTHALPY ROUTINE-ENTRY OR-IFLACZ'9IS/)
ST0P
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(@ IS ) «

O

a0

[a N}

YOYO DY

[$,]

INTRY D+G{LeD -

IFLAG=]
GO TO 4

ENTRY  DHL (L« DH)
IFLACG=2
GO TO 4

ENTRY DHS (L 0OH)

IFLAG=Z
0 TC &4

ENTRY DHGS(L+DH)

TFLAG U
GO 10 &

ENTRY DHSLI(L,DH)

IFLAG =5
GC TO 4

ENTRY DHSLGU(L.DH)
IFLAG =&

CONTINUE
CHSCL-C.C

OHCAS Z(0e 0
DHLTIOZ0.0

IFUIFLAG.EBe]l1eTRMIFLAG.EDLG.O0RLIFLASZ . EG.E

G0 T0 E
CONTINUE

I EE A E XSS EEEES L RS SR EE RS R R SRR R AR R N LSRR LRI AT RE RS RS R EI R YR

*

o
-4
o

(84




i

-17{7-

OO0

s NeNaNaNaoNeNeNelele

* PART THAT COMPUTES THE ZNTHALPY GOF THT 545 *
* STREAM *
2 R L L e I R TRI Y

TI>288.16

SuM=0.C

TGS =5VI(LeS)

DC 1 JG=1»3

IZ10 + UG

TERM1- DHF(JG)

NGSz= SVILeI)

IFI(NGS.EQ.C) GC TOC 1
CTERMZ=(TGS-TI)*#(ACP(JG) + {(TES+TI)x . ExBCPIUS)

1 (TGS «7T 35S +TGS*TI ¢ TIATIN/ 3.0« CCPILIUG))
SUMZSUM  + NGS+{TEPM] + TERMZ)
1 CONTINUE

OHCAS ZSUM

€ CONTINUE
IF(IFLAG.GTL.2)Y GO TO 7
GO 10 8

7 CONTINUE

LA E R I E L R SRR R R R E R AR T R IR R RS R I S R R RN RS R R RS NI LI IR I AP IR S R R RSN 2 N

L 2 *
* PART THAT COMPUTES THE ENTHALPY OF THT I0LIOS *
. IN THE STREAM *
* *

I E AR EEEEE R EE R R R E SRS R R E R 2R R E R R R E RN R AR ERET RIS NERE R ASEE RS RN

TI>2393.1%

TGSOSVeLs 51

SUM:zC.0O

DO 2 JSz=21+32

I1-80 + JS

N5SS ISV LY I

TERM]IZ DMF(JUS)

IFI(NGS.EQ.0) S0 TO 2
CTERMZ2Z(TGS~-TIN*(ACP US + T3S+TI)+,.5+B8C> JS
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s N NeNe]

OO0

e N

- (/7 UGSAT | s DCPLJS

SUMZSUM + NGSe(TERM] + TERM2)

2N}

CONTINUE
DHS 0L =SUM

€ CONTINUE

IF{IFLAG.EQa2.0RIFLAG.GT ) GO TO S

60 TO0 10
CONTINUE

0

I EEER RS S SR RS R R RS R A R R R R R R R R E R R T RS AR RI R ARSI RS T RS TR

*
*
*
*
*
*

TI=293.16

MW= 55.5383622

PARYT THAT COMPUTES THE ENTHALPY OF THE
LIGUIDS IN THE STREAM

NWzZ Sv(Ls501/718.0G1¢

SUMz0.C
T= SVIL.S)
Rz 1.9872

DO 11 JL=50. 31

TERMI=DHF(JL)

MI>SVeLsJL

IF(JL.EQ.5C)
IFt MI.EQ.O )

MI=-Mu
GO TO 11

OTERM2Z(T-TINA(ACP(JL)+ ( T+TI)».5 *BLCPIJL)
+0{T =T + T =TT + TI*TI)/T.0)0x CCRPLULD)
+ MI =( TERM1 + TERM2)

1

SuUM™ =—SuUwm™
11 CONTINUE

SUMZ SUM =

DHL IOz SUM

(

SVIL.52)1/71000.0)

®
*
®

A RS SRS RS R 2 R A Rl A2 E R R RS R E R R R F S E R 2 PR L R RN LRI R I RSN LR RN NI EL NS R
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12

14

15

13

20

capi=n.cC

DO 12 I:-51s81

IFC 2E(D) .E0.D) 60 TO0 12

CAPI = CAPI + ZE(I)#ZE(T)=SVI(LsT)
CONTINUE

CAPI>CAPI/ 2.0

SUM1:=-0.0

SymM2:=-0.0

DO 13 1I:=S5S1e81

SUM1z=SUMLI + SVILI)

IF(ZECT)LEG.D) 66 TO 14

BET =BETA(T, I)

X1z3ET - 2.5#ALOG(1.0+BET) + BET/(1.0+8ET)
X2z A(T)I+=ZEtIV*ZECTI)*BLITIT) +UCAP(I)

OTERM= SVI(LeIN*((-A(T)*ZE(I}*#ZC(I)+SORT(CAPT)/BET»=2)X]

1

+ {(CAPI/2.0)#X2)
GO TO 15
CONTINUE
TERM= UCAP(I) *CAPT » SVILsI)/2.0
CONTINUE
SUM2 = SUMZ + TERM
CONTINUE
ALOGAWD-¢2.3525851+SUM2 C SUMLII / MW
SUM =C.0

DD 20 I-51.81
DUMDT AUCT I »3.0CALPHALT
BETZBETA(T1)

X1> o5 sR « T % T »8¢7T 1% ZF¢T122E¢T{1#¢2,3025¢E511

X2> DUMxBLIT¢IsCAPT

OX 3> -SORT¢CAPT I+¢2.0+3ET»TAYCT I <DUMI/

1

((1.0 +8ET)*x2)
TERM = X1 * ( X2 + X3 )
SUM = SUM + TERM =« SV (L,I)
CONTINUE
SUM = SUM /7 My
cTu¥1:=C.0
SyMz:-0.0
D0 21 I>31.31
SUMLIzSUM] + SV(LI)*(UCAPIT)=CAPI/2.C + 42429448 )
BET =BETA(T.I)
X1z SVILs I)ZE(T)sZ2C(T)/ (BET#*BETY)
X2 > -€.0% ALOGE1.0<C RETI/RETY
X2 (6.0 +9.0%8:IT +2.0«3BET*8ET)/ o0 +B3ET)#»2)
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on

OO0 00

21

1c

SUMZ =SUM2 + X1 = (X2 +X3)
CONTINUE

X1 = RsT*Ts,5

X2> 2.0=«TAUCT! < ALPHA¢T

X3z ALOGAW ¢+ (2.3025851 = SUMI
XUz (A(T )= (TAULT ) +ALPHA(T ) )*SORT (CAPTI) % (2.3025851) s SUM2) /MY

TERM = X1#{ X2 & X3 - X4 )
DHLI®>DHLI® < ¢TERM < SUM

CONTINUE

Y/ MW

I EE RS A SRS RS RS RERSSAER RS R RS R 2R RS R RE R R RS RS R R R R EE R R LN 2]

*

* FOLLOWING PORTION TAKES INDIVIDUAL ENTHALPY COMPONENTS

* CHANGES AND COMPUTES

*

TOTAL ENTHALPY CHANGE

Iy
=
'S

LIRS R RS SRR RS RS R RS SRS RSN R R ES R E RS ER AR SRR R RN R R R RS EEREE SN LN LN

DH> DHGASC DHSOL <KDHLIG
PL1)=P(1)
END
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@l FCR BIVDER
SUBROUTINE DIVDER(P,Z)

EARE R RS AR AR RN R KL AAFE R R AR AR E R RN & X
* THIS ROUT INE SERVES *
* AS & STRIA&M SPLITTER *

FEEERECE R ERARX KSR SR RA KK F R AR A R KR A K2

INCLUDE CMMma, L IST
LOCSLZISEQINL)
LISZISTMILOCSL1)
LOS 1zISTMILOCSLeS)
LOS2ZISTM(LOCSL 7)
KEY1ZSVILCS1e2)
IF(KEY1.NE.T) G2 TO 1
SVILOSIez2) =1
SVILCS1e5312PL(1)
RETURN 2

1 CONTINUE
TFISVILOS195C) NEaDa) SV LUILNS Y 8ISV LLGS 2y 5)
SVILIS +58)z8VILOS 2 %)
SVILIS»43)zSVILOS2e4)
SVILOS 1e 49)2SVILESZ2047)
SVILIS»UB)YZSVILOTS2:45)
SVI(L3S1eu4R)ZSV(LOSZsug)
SVILISeED)sSVILOS e SO +3VILOSZe50)

D0 2 IzS1e81

SYILIS o I)zSVILGS2eT)
ITF(SVILOS1vED) aEGLCa) GO TS 2
SVILOS 1o TSV ILOS2eT)
CONTINUE

™)

00 3 I-i1D1e113

SVILIS o I)Z(SVILIS 53} /SV(LGSZ.‘”))*TV(LOCC-I)
SVILOS 1o I ZUSVILOS )Y eS0)/SVILCS 2 ST ISV ILOS 2]
CONTINUE

LA

00 4Iz31, 39 )
SVILOSToI)Z(SY(LOS1453)/SV ILOS2e SC)I*SVILOS20T)
SVILIS +I)Z(SVILIS »SCI/SVILOCS2s 5310 4SVILOS?01)

4 CONTINUE
IF(SVILOS 1453 WNETe) SV (LOS1e 10C) SSVILOS2+100)
TVILIS» 1000125V .CS2s 5O
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RETURN 2
END
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al FOR DNTLA
SUBROUT INE ONTLA(L+XLHeXOLAs ONLAsW LA TWLA)
INCLUDE CMMN.L IST
DIMENSTION XLHUL) o XOLATLI)oDNLACY) oW LACL )y TWLALL)»TLA(D)

DO 2 J=1s19
I1=10C+J
WLACJ)ZSV (L, D)
2 CONTINUE
CALL TOSOSP(WLA.TLA)

DO 1 Jz1e13
1-1C0O+J
WLACJ)IZ(1=-XDLA(J) ) =SV L+ ])

1 CONTINUE
WLA{I)IZSVIL,e 1010 1-XLSU (L2} +SV UL 1S1)=XLSUCL1)*(1-YLK(1)])
WLALS)IZSV Lo 108) 0 (1=-XLSU(Z2))+SV L ITR) AXLSUTZ)*(1-XLH{Z))
WLACZ)SSVILe 101D o XL SULL1)aXLH(I )« (=X 20Z))
HLA(S):SV(LoIGB)tXLSU(z)tXLH(Z)t({—XSLA(S))

CALL TOSOSP{WLAyTWLA)

DO 4 Jz1e9

CNLACJIZTLAC)-TWLALI)
& CONTINUE

RETURN

END



..'[g—

¢l FGR DNTLAC
SUBROUT INE ONTLACH(L,»X1eX2)
INCLUDE CMMNLL IST

P{1)=P (1)

SVILe311ZSVIL, 106)+35VILe117)

SVILe 32)SVIL2103)+SV (L, 1130)

SVILe 32)ISVIL180E)+5V Ly 118)

SV(Ls 34)=3.

SV Le 35) XISV ILs 101 ¢SV (Lo 103)+SV (L 10K +SVILI1CE)
SVILe 3E) X255V (Lo 1031 +SVILe110)+SV L1131 SV (LW115)
SVILy Z7TIISV(Ls 11704535V I(Ly119)

SVI{Le 3B8)ZSVILS119)

SV(Le 328)z-.5x3SVILe119)

RETURN

END
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SUBROUTINE DNTSF (Lo XDSFeONT+WSFeTWSF)
INCLUDOE CMMN.LIST
DIMENSION OMS(1)eWSF(1)eTWSFU1)eXDSFI1)

D0 1 J=zlelc

Iz10C+Jd
KSF(JIZ(1-XDSF(J))=*SVILsI)
CONTINUE

CALL TCSOSP{WSFeTWEF)
00 2 Jzle¢

I=230+4

DNS LU SV L, T)-TWSF (J)
CONTINUE

RETURN

ENO
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)

FOR EFHOLD
SUBRGUTINE EFHOLD(Ps =)
RETURN 2
END
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@1 FOR E3MIXR

C
C
c
C
c

%%
*
3
*
*x%

SUEROUT INE EQMIXR(T. %)
INCLUDE CMMN+L IST
DIMENSION PP(2)
I EE R RS ES RS E SRR RS R R
THIS ROUTINE MODELS
THE PROCESS WATER
HOLD TANK
REEEEhkEREEEEEREEE XX B Rk KXk
LOCSL-ISEQ(NLS
LIS1-ISTM(LOCSL.1)
LIS2zISTMILCCSL, 2)
LIS3ZISTM(LOCSL, 3)
LISUzISTMILOCSLe W)
LCSTISTM(LOCSLeB)
KEY 1SV (LOSe 2)
IFIKEY1.NELQ) GG TG 1
I0PTZO
NSO

_WNES=O

4

RETURN 2
CONTINUE

SVILOSs SISV LIS, E)

TzSVILOS S)

DO 2 1I=31.39

SVILOSe INZSV(LISIy T)+SVILIS2eI)+SY (LIS Iy J)+SVILTISGUT)
CONTINUE

I-50

SVI(LCSe ISV LISy T)+SVILIS2¢ I +SVILIS e I)+SVILISYsT)
SVILOS«51)2SVILIS3e51)

SVILOSs521=SVLILIS 3¢ 52}

DO 4 Jzl1le29

Iz52+J4

SVILOSe I} (SVILISLIe I =SV (LIS 1eSOI¢SVILISZy I)2SVILIS2e350)+SVILISE,
«T)sSVILIS3e50)+SVILTISYe T sSV(LISUYECI)/SVILOS EC)
CONTINUE

DO S J=lel®Q

1100+

SVILOSe ISV UL IS 1o T)+SVILIS20I)eSVILISIwI)+SVILICSULT)
CONTINUE

NS =0
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208G

SUMZSVILIS1e 10C)+SVILIS 210045V LISy 153)

CONTINUE
SVILQSy35)2SVILOS»3S)-SVILOSy1TL)
SVILOSe36)=SVILOSy26)-SVILDSH1CE)
CALL EQUILB(LOS» IOPT e TsPPyWNESHNS)
WRITE(6,200)

FORMAT (//42X ¢ *PROCESS WATEP HOLD TANK®)
SVILOS»50)=SVILOS+5C)*100C0C.
SVCLOSe 35) =SV ILOS»35)+SV(LOS»1C1)
SVILOSy 3EIZSVILOSeZE )¢SV (LOSs1CR)
RETURN 2

END
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¢l FOR EGS

SUBROUTINE EGS (W)

C 25252 LXK XXX XX S X SR B LB A SR FE XX BE SR AR BB E B X AX B KX EF kR EL SN S %2

C »

N FUNCTIONS OF THE N-VECTOR X ARE SUPPLIED HERE *

C 225223 X80 XE X REXRKE R AN R ER AL TR SRS PR AR IR R AR SRR LR KX KN K E &

c

C
X
1

c
1G

c

COMMON/FUNC/F(SC)e CK(SC)«CT(1I0)
COMMON ZACOEF/GLN(SS)e DOLNISC)eI2(57)
COMMON /L INS/NF
COMMON/TEMPER/ACeBC o CPK{2) s NHY (S)ekS(1D)
COMMON /PDRESS/PK(2)eL 1oL2+L 29y LUsREN
COMMON /NEW/IVISO)e IE(E0 e CLeTHIL11)
COMMON /TPARZAT®I(T)

DIMENSION Wl1)eX(STIeERIS5D)

DOUBLE PRECISION FelKeCTrolWeXe£0
DOUBLE PRECISION FNEQeTH

DOUBLE PRECISION ATP
NAMELIST/TEST/WSyCT o THeX/

DEFINE Y(INZEXP(X(I))

DO 3 IcZle 36
X(I)=-8S%S.

CONTINUE

X{(383)=-85.

X{39):=0

00 1 Iz1leNF
NVZIVI(I)

X{(NV)IZWI(I)

CONTINUE
X{27¥=LOGICL/Y(39))

THOBIZY (1) +2+Y (12)+Y(12)+Y (1E)+Y (13 +2+Y (23 Y (24)+Y (2E)+Y (2])
THEIIZY L Z2)+Y (3 )+2%xY {U)+2sY (S)+Y{E)+22Y(T)+Y(R)+Y (I)+V(23)+VI(32)
x+Y (37)

EQ(3e)SLOGITH(E))I-LCGITH(3))

RENZEQ(3E)

IF(LU.NE.8) GO TOC 13

RENZTH(B)-THI(3)

EQEI6)=X 1)+ GIN(IY+CT(IN)

CONTINUE

caLL GAamMma(x)
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EQ 1¥=GL VY. 1D)+GLVUL 2 +X{ 1 X 2)-CKU 1 =-G_N(22)
IF(LUJEQ.B) EQ(L)IIX(2)+GLNI(2)-CT(10)-CKLII=-CLK(3S)
IF(L1.EG.]1) GO TO &
EQC 2)ZGLN( 1)+GLNC Z)+X ( 1) +X{ 3)-GLN(IO)-X(1C)-CK( 2]
THOLIZY (3D +Y (4)+Y {104V 1 14)+Y (21)+Y(25)
EQ(2S)zCT(1)-LOGITHI1))-X{32)
50 70 S
4 EQU2)=GLN{I}+GLNI3I +X (1) +X(3)}-PK(1)-CK(2)-CLN(32)
FTHOLIZY{3)4Y (U)+Y (14D +Y{21)Y(25)+EXPIPKIL¥-ZUNCLIG)+GLNTZ3))
£0(29)=X(1C)-LOG(TH(1))-X{(3)
£ CONTINUE
EQC 3)ZGLNC 1) +GUNC 4)+X ¢ 1)+X( 4)-GLNC 3)=-X{ Z)-CK( 3)
EQC 4)GLNC 1)+GENT S)+X ¢ 1)+X { S)-GLNC 9)-X( 9)-CK{ 4)
IF(L2.EQG.2) GO TO &
EOC SIZGLNC L1I+GLNE 6)+X{ 1)+X ( S)-SLNOID)=-X(11)-CK( 3)
THIZ2¥ZY(B)+Y (T +Y {1114V U115 eY (18 )+Y (12)+Y (28)¢Y(2B3)+Y(30)+¥Y(33)
*+Y (34)
EG(30)=CT(2)-LOGITH(2))-X139)
G0 T0 7
€ EQESI=GULNE1)+GLNIGS) +X (1) +X {6)-PK(2)1-CK(S)-CGLN(Z2)
THE2)ZY (B 4Y (T)4Y (1S +Y 16 +Y (1Q)+Y(25)+Y (2ZRI+Y(ZT)+Y(33)+Y (34)
«+EXPIPK{2)-GLNI11)+GLNIE33))
EQE30)=X(11)-LOG(THIZ))-X{39)
7 CONTINUE
EQU 6)=GLNU 1)+GULNC 7)+X { 134X 0 7)-GLN{ S)=-X £)-CKU 5
EQE 7)IZGLN(12)+GLNC 2)+X {12)+X L 2)-GLN(123)-X(12)-CK( T7)
EGU B)ZGLN(L1Z2)+GLNT 4)+X (12)+X ( 4)-GLN(14)-X(14)-CK{ 3}
EGC SIZGLNI12)+GLNE 7)) +X {12)+X ( 7)-GLN(1E)-X({15)-CKI( 2)
EGUIC)ZGLNICLI2)+CLNC C) X (12)+X ( E)-CLN(]18)-X(1E)-CK(1ID)
EG(I1)ZGLNIL12)+GLNT S1+X (12)+X ( S)-SLNL1T7)-X{1T)-CKI(]11)
EQUI2)=GLN(IZ2)+GLNC B)Y+X (12)+X( 3)-GLN(1E)-X(1R)-CK(12])
EQC13)=SLN(1ZY+GLN(7)+X{12)+X(T7T)=-CK(13)
ATPU1)ZEQ(1I3)
EQ(13)=FNEGIER{(12)+X19))
EQUE14)=GLN(]12)+GUNIS)+X(12)+X(S)-CKULU)+NHY(1)sSLN(22)
ATP(2)1-EG(14)
EQCIGYCFNEGQUER(L14)X(20))
EQE1IS5)=GLN(LIZ)+GUNIY) «X 1 12)¢X (4)-CKU1E)+.5*GLN(39)
ATP(3)ZEQ(15)
EGULIS)CFNEG(ER(IE)s X 21))
EQUIE)ZGLN(12)+22GLN(2)+X(12)+2X{2)-CKI(15)
ATP (u)ZEQ(1E)
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EG(16)=FNEGIEG(LIE)eX(22))
EQUI7T)GLNI23)+GLN( 2)+X (23)+X ( 2)=-GLN(24)=X(24)-CK(17)
EQU18)GLN(23)+GLNC 4)+X (23)+X ( 4)-GLN(25)-X(25)-CK(13)
EQE19)=GLN(22)+GLN( B)+X (23)+X( 6)-GLNI26)-X(26)=-CK(13)
ENC(2C)=GLN(23) +GLN( S)+X (22)+X( 5)-GLN(27)-X(Z2T)-CKLZT)
FOU21)=GLN(23)+GLNC 7)+X (234X ( 7)-GLN(28)-X(2B)-CKI(Z1)
EQU22)=GLN(23)+22GLN(2)+X(22)+2X(2)-CK(22)
ATP(S)ZEQ(22) '
EQU22)=FNEGIEQR(22)¢X (29))
EQE38)=GLN(23)+GLN(Y)+X(231+X1U4)=-CKIZII+NHY( 2)*GLN(Z2)
ATPUT7)ZEQ(38)
EQ(38)=FNEGIEQ(3&)eX(38))
ERC22)GLN(23)+GLN( T +X(23)eX(T7)~CKI23)+NHY(2)*GLN(29)
ATP(E)ZEG(22)
EQC23)=FNEGIEQ(22)9 X (30))
EQE24) sGLN(III+GLNC 23 +X (311 +X t 2)-GLN(R2)-X(32)-CK(24)
EQGU25) =GLN(21)+GLNC 714X (314X 7)-GSLN(33)-X{(23)-CKI25)
EQU26) =GLNI3I1)+GLNE §)+X (31)+X( 6)-CGLN(Z4)-X (34)-CK(ZE)
EQUE27)=GLN(31)+GLN( S)I+X (31)+X( 5)-GLN(25)-X(35)-CK(27)
EQ(28)=GLN(31)+GLNT 8)+X (31)+X( B)-GLNI2E)=-X(26)-CK(23)
THUZIZY(SI+Y (Q)+Y(1T7)+Y(20)+Y(272¢Y(35)
EQC31)=CT(3)-LOGITH(3))-X(39)
THI4)=Y(8)+Y (18)+Y (35)
ERE32)=CT(U)~LOG(THIL))=-X(39)+.63215
THOSIZY(12)+Y(I3)+Y (1u)+Y(IS)+YL16)+Y(1T7)+Y(13)+Y(12)+Y(20)+Y(21)
x4Y (22)
EQ(33)=CT(5)-LOGITHIS))=-X(39)
THUEITY(23)+Y (26 )Y (25)+Y(26)+Y (27)+4Y(28)+Y(29)+Y(ID}+Y (33)
EQ(34)=CT(B)-LOGITHIE))-X(22)
THU7)IZY(31)+Y (3234 (33)+Y(3u)+Y(35)+Y(26)
EQ(35)=CT(7)-LOGI(TH(T7))=-X(22)+.569315
H2503zY(13)
H2C03=Y(11)
IF(L2.EG.2) H2COZ=EXP(PK(2)-GLN(11)+GLNt33))
IF(L1.EQ.1) H2SO3I=EXP(PK(1)}-GLN(10)+GLN(329))
THU10) 5550622+ 52 (Y (1) +Y (2)+Y(3)+Y(E)¢Y (C)+22H2SCI+24H2CDT+Y (13)
«+Y(16)4Y(248)+4Y (26)+Y(32)+Y (24)=-Y(2T))
THOLIO)STHCLIO)+Y(22)4Y (2304 .5y (21) +NHY (1 )+Y(20)+NHYT2) Y (35)+NHY (3
«)*Y (32) '
IF(L2.EQ.4) GO TO 8
EQ(33)=CTCC)-LOG(THI{1IN))-X(39)
GO T0 9
& CONTINUE
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THE1G)-18.Cle*sTH(1D)
TH(Il)’CT(lO)*Y(39)*(HS(l)*Y(22)+H<(7)tY(1°)*NS(Q)tY(Zl)*HQ(J)t
Y (20)+WS{B)*Y(29)+KS{3)=Y(20)+WS(S)xY(32))

IF(THII1) &LT.0e) THLILIZTHOII)-CTL(IG)
ERCI9)ZLOGITHILLII-CT(S)-LOG(THIION)=-X(23S)

CONTINUE

NFZ>NF

DO 2 Iz1leNF
NEZIEL(I)
NVZIVI(I)
WII)ZX(NV)
F(I)YZEQINE)
CONTINUE
RETURN

END
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1 FOR EQUILB
SUBROUTINE EQUILB(LSVys IOPT+T4PPy WNES s NS)
c I EE SRS E RS RS R RS RERR R R R Rl R RERE R D
C » THIS ROUT INE INTERFACES .
C » SOLNEG WITH EGUIPMENT .
C = ROUT INES .
C I E RS R ERESRREEE R R RS RE R R REE SRS R R R R P
INCLUDE CMMNJLIST
COMMON /TRFR/TMW+WACTsPHsAZ
DIMENSION X(5C)eCM(11)sPP(2)

P(1)Y=P(1)

DO 1 TI=31.39

IXz-1-30

CMEIX)=SVILSV. I)
1 CONTINUE

LY4-AND(IOPT. 4)

IF(LY4.EQ.4) CM(I)I=SV(LSV,100)
IF(LY4.EG.4) CME20)SWNES
IF(LU.EOQ.4) CM(11)=SVILSV,119)

X(33)=SV(LSV.50)/71000.

D0 2 I=S51s638

IX=I-50

X(IX)=SVILSV.I)
2 CONTINUE

DO 3 Iz6974

IX-I-46

X(IX)IZSVILSVYI)
3 CONTINUE

D0 4 I:c-75.81

IX-I-4u4

XCIX)I=SVILSVI)
4 CONTINUE

X(13)=SVILSV,103)/X1(39)
IF(T.6E.313.1E) X(20)=SVILSV,105)/X123)
IF(TLT<313.16) XU23)=SVILSV«ICTI/X129)
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X{21)=SVILSV+1051/7X(3D)

X122)1=SVILSV1022)/%129)

X{29)z=SV({LSV»109)/X (2N

IF(T.GE«373.156) XE2O)=SVLSVe113)/X(33)

TR T elTa373.16.ANDTo5T2238a18) X{221ZSVILSVe111)/7X%(33)
IF(T.LE.298.16) XAZT)IZSVILSVe112)/7%(39)

IF(TGEa311416) XA2IB)=SVILSVe114)/7X(393)

ITF(TLLTL.311416) X(2R)IZSVILSVe115)/7X1329)

CALL SOLNEQUIXeNSeCMePPyTHIOPT)

AH20zWACT

SV(LSVeu8)=AZ
SVILSV.43)=PH
SVILSV. 21} ZCML])
SVILSVs32)=CM(2)
IF(LY.EGat) SVILSVe29)THMW
D0 8 I=1¢50
IF(X(IY.EQ.1.E-10) X{(TI})=Q.
CONTINUE

DO 53 I-1e418

IX-I+50

SYILSV,IX)IZX(TI)

CONTINUE

DO 6 122328
IXzI+46
SVELSVe IX X (T)
CONTINUE

DO 7 I=31s37

IXz-I+4y
SVILSVeIX)ZX(T)
CONTINUE
SVILSVe81)-CMIEB)/X(39)

SVYILSVsS0)ZX(39)
SVILSVe103)=X(12)%xX(39)

IF(T.GE.313.16) SVILSVe10612X{20)xX(29)
IF(TLTa3132.16) SVILSVYL107)=X120)%X(22)
SVILSVs105)=X121)%X(29)
SVILSV»102)=X(22)#X(39)
SVILSVe109)2X(29)*X(33)
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IF{TeGE«373.16) SVILSVe110)1=X(30)xX(33)
IF(TelTe373a15.AND.T26T7.298416) SVILSVe111)zX{30)*X(323)
IF(TeLEa298416) SV (LSV112)2X(30)¢X(33)
IF(TeLT311416) SVILSVe1151:=X{38)+X(22)
IF(TGE311.1€) SVILSV+114)=X(38)2X{39)

RETURN
END
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el FCR FI_"IR

C
C
C
c
C

(@)

SUBROUTINE FILTER(P,%)

IESE SR SR EE RS RE R IR RS R YRR SRS R ESR]

*
*
x

THIS ROUT INE ACTS AS »
& SOLID -LIGUID *
SEPERATOR ONLY *

I EE 2R SRR E RS R ER RS RS RS R EEE R SRR ESE]

n

INCLUDE CMMN,L IST
LOCSL=ISEQ(INL)
LISZISTMILCCSL1)
LOSIZISTM(LOCSLYE)
LOS2ZISTMILOCSL, 7)
KEYLIzZSVILOS12)
IF(KEY1.NE.T) GO TG 1
PREEZI)Z1CGxP (1)
PRD(Z2T)=100*xP(2)
SRO(ETIZ(1.-P(2))«1T0,
SVILCSZ2.100) 2P (1)
SVILIS.100) =P(2)
RETURN 2

CONTINUE
SVILCS1e5)SVILOS2,5)
SVILIS #5135V ILOS2eE)
SVILOS1s48)=SVILESZe43)
SY(LISe48)SVILOS 2e UR)
SY(LIS43)zSVILCS2449)
CYILOS196)ZSVILGS2e49)

D0 2 IzZS1.81 .
SVILOS1eI) SV I(LOS 2, 1)
SYILIS o 1)2SV(LOS 2, 1)
CONTINUE

R1zP(2)/7(1-PL2))

R3IzP(1)/11-2(1))
SVILIS»SO)Z{SVILOSZ+50)/ (1-P{32)))*R3/R1
SVILOS1e50)=SVILIS #50)-SVILGSZe 50)
R2ZP(3)#a 1+ (ZY (LIS S5C)/5VILDSTSEM)
XWS=R2/(1+4R2)

SVILOS1e130) =XKS

DoS I=101.1193
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SVILOS 1IN =U(P(1)-PU2) )/ (P(2)-XUS) )= (XWS/PL1))*+SVILOS2,1)
SVILIS»II=SVILOS1eT)+SVILOS2¢1)
CONTINUE

CaLL TOEGSPILIS)
CALL TOEQGSPILOS1)
RETURN 2

END
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al FOR FLTR3M
SUBROUT INE FLTREBM(2,%)
RETURN 2
ENE
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ol FOR FLUGAS

100

SUBROUT INE FLUGAS(P,»S)
INCLUDE CMMN,L IST
INCLUDE LCMN,LIST
DIMENSION YFGUA)oXWLS{S)eXWFAL3Z)
LOCSVZISEQINL)
LOSZISTM(LOCSVeE)
KEY=SVILOSs2)

IF(KEY «NELD) RETURN 2
READ(S+100) VIFGeTIFGHIFIFS
PRD(1)=VIFG
PRO(Z)=TIFG
PROU3)IZPIFG

FORMAT (BE1C. 2)
VFG=(28.32/60)*VIFG
TFG=(TIFG+45%.688)/1.8
PFG-PIFG/14.636
SVILOSsS)I=TFG
SVILOS+6)ZPFG
READ(S5+1C0) YFG

00 1 J=1.9

Iz10+J

Kz33+4
PRDIK)Z103sYFG(J)

SVILOSeI1=12.187158«PFC+VFGeYFGLU)/TFG

CONTINUE
SVILOS+10)Z12.187152*»PFGsVFR/TFG
READ(S.100) RILS

PRO(BIZWILS
WLE=(4S3.6/60.)sWILS
READ(S+100) XWLS

DO 3 J=1.8

Kz42+J

PRO(K)Z100»XWLS )

CONTINUE

SVILOS» 101 )=XWLS (1) eWLS/XMRI(2])
SVILOS108)XWLS(2)sWLS/ XMW (23)
SVILOS»1C3)XWLS(3)#dLS/7XMU(23)
SVILOS«110)XWLS(U)sWLS/XMW(3S)
SVILOS»104)XWLS(S)sWLS/XMWIZ4)
SVILOSe113)zXWLS(6) «WLS/XMKI(32)
SVILOS+10E =XWLS(T7)s¥ S/XMK(25)
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SVILCSe116)TXWLS(3) sWLS/XMU(3E)
READ(S5.10C) WIFA

PRO(2S)-WIFA
WFAZ(453.6/60.)*d1IFA
READ(S5.100) XWFA
PRE(S1IZICCHXWFAL(])
PRO(S2)Z-103«XWFA(2)
PRDOIGIVIZI0C=XWFALZ)

SVILOS» 117IZXWFA(L)=WFA/XNMK(2T)
SVILOSe118)zXWFA(2)sWE B/ XMU(2R)
SVYILOSe113)XWFAC3) 2 F A/ XMW (33)
READ(S,100) XLD

READ(5+103) XSO

80 2 Jzle6

Kz12+J

LZ18+J
PROIK)IZXLD(J)I*1G3G.
PRO(L)ZXSOU(JI*1CC.
CONTINUE
PRE(TDIZXLD(T)*1C3.
PRD(71)z=XSND(7)+10C.

TMSZSVILOS«11)+SVILNS»1T4) +SVILOSe 112)+SV(LO%e 108
TMCAZSVILOSy 101)+SVILOSy» 1332 +SVILOSy 128)+SV LIS,
TMMGZSV(LOSs 108)+SVILOSy 112)+SVILOSe113)+SVILOS,

PRO(SIZI0C+(TUCA+TMMG Y/ TMS
PRDUIDI=TMMG/ (TMMG+TMCA)
PRO(Z2S)IZHWF B/ (32.065*TMS)

VILOS»118)

PRO(EBIZI0O*(TMCA+THMMG-SVILNSs 101)-SVILGSs 10311/ (THMMG+TMCA)

RETURN 2
ENG
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21 FOR FNEW
FUNCTIOM FNEG(FX)
poUBLE PRESCISION FNEWF ¢X
IF(F.L[.U..A\ju.x.l—r.-éu) GO Tq 1
FNEQSF
RETURN
1 CONTINUE
X=X=1
IF(X.LI."&:.) X==8Y9,
FNEQ=D.
RETURN
END
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&¢I FOR 5ABSO
SUBROUT INE GABSO(LIsLOeX 0y DNAy ABN)
INCLUDE CMMNSLIST
OIMENSION DNAT(1)
PL1YIZP(1)
DO 1 J=-1le 4
I-JdelC
SVILOs I)=(1-XA(J))2SV LTI}
1 CONTINUE
SVILCe 181 =SV L Te 1651~ oSeXO0a(SY (LIl =SVILGs 11 )- . TEX(SYLLTIN13)-SV Y
*L0s13))=-o25«(SVILI»14)-SVILGCe14))
SVILGs 18) 0.

ABN=G.
DO 2 J=1.5
IZ1IG+y
ONAGJ ISV ILTIII-SV (LD T
ABNZABN+DNAC(J)

2 CONTINUE ,
DNaf{e) =SV (LI.12)
DNA(L4) . S5x(CNA(2Z)+DONA(GL))
DNACZYZDNAL(]1 ) xXC
pDNA(5)=zC.
DNACLID)CZDNACL Y= (1-XD)
ODNa (&) =C.
DN&(T7) =D,
RETURN
END
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aN FOR GamMma
SUBROCUTINE 5aMMA(X)
I A I T I T T T T T " T T T T TTTTITITTTr!T T T O YT
C = THIT RNAUTINE COMPUTES LN(G(I)) AS & FYUNCTYION OF EXP(X(I)) *
C 255 a2 Xt K e kB X RS X AR KB K E K A A ARSI AR AR RA P KR A AR K R A F SR R F KB S AR A K &b * 4 ¥ %
COMMON/NEW/IV(SO)e IE(ST)eCL
COMMON /TEMPER/ACsRPL
COMMON /JLIMS/NFeNT
COMMON /POPESS/PK{Z)eL 1oL 2y L 39 LUyREN
COMMON JACOEF/GLN(SD) e SELNCEC) e I2(SC)y T
DouURLE PRECISION X
DIMENSTION X(l)oA(S“)tB(‘ DU SO)eNTLED)
DATA (TZ(T)e I 103837 10lelotbolialotele laCoeTote loCoeColoZoleCeTolle el
11900 20CeT00eColoOeloToleTelel/
DATA UC10)/.07€/70(011)/7 .076/70¢6104)/7.072/7U013)/ 75201 T)/7.077/70025%)/
1e376/U027) /7 TTE/7UGZ2RY/ ST/ 2V7 07270030/ J3TB/ULZENLTT7 Y

CATA (L4(TI)sI=1s37) /  &.00000 ' 3.035300 ’ »5N03C ’
= &,5500C + 3.000CC v B.50CGCC v 4,.535G60 v 2.00070 '
* ,._D”Ou v 3.000C7 ’ 3.00C0C0 s  4.50300 +  Z.C0000 *
= 2 -OUCW +  3.000C0 ’ J.000C0 ' 3.00000 ’ 2.05070 ’
* 3,000 +  3.00002 ' 3.C00CC ' J.0ones +  Z.200A0 *
+ 2. G“O”D v+ Z.000CC ’ l.C2C000 ' 3.00300 +  2.50M30 '
* 2 CD”PJ ¢+ 2.003003 ’ 5.000C¢% ' +OOGGT v 1.5070Q ’
* 3.0CCC v 2.00000 v 3.000C0 e 4,005CC /
DAT A (B(I)vI:lv37) /  J4C00C0 v J2C0CO0C ’ «1CT0CO v

* .300C00 v 00CCOo0 ’ «0GGTI3T + .0000CS v — 2052006 .
+« .3000CQ ’ genan ’ « 3000085 v 100500 ’ «JGCO3C .
* 300000 v 300000 ’ «33C0GC v « 302000 ’ «3037NG '
*» L3IC0GO0 v S 3C000° ’ . 20C00°0 v < I0LOGE ’ « I00DNG ’
* CZODCGD ’ oJOr'ﬁJu ’ OSSCODC . QSQ?CCG ’ ..)uf'“("" 14
= .330GC0 v 300009 ’ «1CCC32 v < 2C300D ’ 3353700 v
* 306000 * 300703 ' «3C5C3C v  CCOGSEN /

GATA INSCIVeIZ19038)/1322s4*De5%192+Ce 719G/

C
DEFINE Y(IDZEXPAX(T))
C

FIz=0
00 1 Iz1.3¢
FI-FT«1Z(I1xY (1)

1 CONTINUE
X(37)yzLeGgt 2 ./y 33))
"YZFTeY(37)
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o

N

FIZFI/2. :
IF(LY4.EQ.B8) FIZFI+aRS(REN)
SFIZSART(FD)

CLNU39):=0.
DO 2 IZ1¢37
DNMZ1.+BC+a(T)*SFI
GLN(I)zAC*I2 (I «{-SFI/DNM+P(I)*FTI)+2,302640(1)F]
TEMOZY (I) e (~ACxIZ2(T)*«SFT( (1 +0ONM)/ONM=-22L0GIDNMI/Z(DNM=-1))I/(INM=-1 )+
23247, 3020% U I} *F 1/ 2+0CTZ(T) B (I)&FI/2+4NS (1))
GLN({32)1=GLN(23)«TEMD
CONTINUE
GLN(33):>-.C18016+GLN(2S)
RETURN
ENC



el FCR

«y
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GPARS

SUSROUTINE GPARS(GDs 89 ICe Ity ISeNED)
DOYBLE PRECISION 5Deb8,E0F

OIMENSION GO (50450
DAT & ALFA/Z10./

GOINE+IC)=-1.,
SD(NE.TA)=-1.

IF(ABS(A).GT.500.) GO TN 1
EPF-1.-EXP(-A3S(A)/78LF &)

GDUNEYIS)ZEPF
RETURN

EPF=-1.

RETURN

END
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al FOR 53TAR
SUBROUT INE GSTAR(X»EQS)

C % $Xs kx4 x2 22040 a4 8RR AR AR SRR RRRIY
C » * T *
C = G (¥)z=3 (X)=F (X)) *
C % 22222282k u R Rk hERRARAEAE S a R KK & ¥ &
COMMON /RESID/ GSI(5D)
COMMON /GRAD/POUSGe ST AS(EDeS50)eSQLED)
COMMON/FUNC/FIS0)e CUIST)eCTLIC)
COMMON L IMS/NF
DOUBLE PRECISION SUM
DOUBLE PRECISICN PR, A4S eSQy ES
COUBLE PRECISION FeCKoCTeX
DIMENSION X(1)
C
C
C ASSUME THE PAaRTIALS MHAVE BEEN CVALYATED
C

D0 1 I=z1leNF
Sym:z=g.
DO 2 Kz1leNF
SUMZSUM+PD (K« I)*F LK)
2 CONTINUE
GSEII=SUM/SG(I)
1 CONTINUE
RETURN
END



|

&I FCR INTIT

«y
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2

1C

SUBROUTINE INTIT(L» TOPTeXWSeWNES)
INCLUDE CMMNoLIST
INCLUDE LCMNoLIST
DIMENSION WTS(10)

DaTA (WTS(I)sTI=1e3)1/008.0C00 08,0119 80.0FCe105.010e5F.08940a32051.58

*2' 36.“55' 180016/
QEFINE X(T)z=SVIL.I)

IF(ICPTNE.4) GO T2 1
¥SCAOZX(3S)-(X{31)+Y (32)+X(32))
IF(XSCAO.LT.0.) GO TO 2
X(s51)z4,E~12

X(135)=¥x(31)

X(13€):z=X(32)

X(133)1=X(32)

X1139)=X(3¢e)

X(102)zXSCAG

WESZXMW25)#X (2105)+XMH (20 *X (105 ) eX MR (222X L0 3) + XMy

*+XMW(29)+X(1059)

WTM=-0.

00 10 J=1.8

I-30+J

WHIMZWTMeW TS (U) =X (])

CONTINUE
X(SOIZ(WES+WNES)/XWS-WNES~-WTM
FLKZX(S5C)/10GCC.
X(52)-5.3E-14/7X(51)
IFIX(38) e NEala) XUE2)Z2,2E-C/X(52)%%?
TF(XSCA0.LT.Ce) X{52)Z1CexX(L2)
IFEX(31) eNEaDe) X(BUIZE 4E-3/X{E2)
IF(X(32)eNEaGe) XUSTIZ1.8E-S/X(E2)
TE(X(36) aNEeDe) X(BE)ZG.5E-12/X152)%27
TF(X(33)aMNELDQe) X(ES)IZZ  UE-5/X(52)
IF(X(5)e5T213.16) G0 YO 2C
X(107)Y=xX€1086)

X(1386)=0.

CONTINUE

X(SB8)=2sX(24)/FLK

Y{TS)z2sX {37}/ FLK

(22)«x (102)
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~J

N

—

X(S3)zX(5  =X(S4)/4.35~3
XUECYI=X(51)*X(52)/T.3E-3
X159)=X{51)#X(55)/4.9E-12
X{E5)=X (51 )X (ET)/E.TE~11
YCEL)ZXUS1)*X{SE)/ 4287
X(e2)ZX(62)*X(52)/2.66-2
¥YLeu)=X(a2)*X(S4)/3.05-4
X{E3)I=X(62)eX(5ET)/U.8E-9
X{EE)ZX{52) X (56)/8.65~2
X(ET)I=X(62)*X(S52)/2.6E-3
YUESIZX(B62)eX(52)/2.36~1
X{E70)=X(EN)#X(82)/1.9E-3
¥(71)1=X(€9)*X(SU)/2.35~1
X{72)=X0&9)«X(CC)Y/3.6E-2
X(73)=X(63)+X(55)/2.15=-3
X{T4)zX(e3)sX (87 )/ 2024
YATEYZX(TE)&X (52)72.7
XUT7)X (TSI (ST V/ U EFE-7
XE73)=X(75)*X(56)/1.8
XA72)ZX(T7S)#+X(355)/71.75-1
YLETIZXLTEI*X(58)/2.5
RETURN

DlzX(25)-X1{31)
X(51)z5.€E-8

IF(D1.LT«Ce) GO TO 4
X(1C5)=X(Z1)

GO TC &

¥{(135)1=X(31)

60 TO0 7

02:51-X(33)

IF(D2.LT.04) G0 TO 3
X(136)=X(33)

Xt103):=02

GG TC 7

¥X(126)1:=01
TF(X(3€).EQ.Ce) CALL ZXIT
X(1323)z2.*X(326)

GC 70 2

X(E1)122 . FE-u4
X(52)z%.TE-14/X(51)
FIXzX(SCy/1CC3.
IFMXU36) LT X(32))Y S0 TG
XT3z TaX(22)/FLK
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60 ¢ 12

X{T3)z.7+sX{3E)/FLK

IF(X(3E) e NELD)Y X(ES)IX(25)/FLK-X(T72)
IFEXC3IS)NELD) XUET)ZLS*X1IS)/FLK )
TEIX(32) NELDY XUSG )72, 37-02X {(31)/7LK/X(S])
PCO2ZXUS

IFIX(I2)NELDC) X(ST)I5H 2L -1CxPLG2/X (S 1) %]
IF(X(33).NE.C) GO T 12

IFIX(38)NELDQ) GO T2 13

50 10 ¢©

CONTINUE

DOA0ZX(IS)/FLY-Y (6Z)

DSO3IZX(3IZV/FLK=-X(TZ)

IF(HNS 02, GT.DCAC) GO TD 1y

X{106)-DSO2«FLK

6C¢ 70 1%

X1108)-DCAC=FL ¥
JF(X(E2)2X(54) oGT af et =-2 )X (105 ) af-tusFLK
GO TO ¢

£ND
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ol FOR MATCH
FUNCTION MATCH(NAME)
DIMENSION ILAB(15)
DATA (ILAB(I)Ye I=)1e13)/7 'FLUGAS "y *STKGAS *s *WTRMKP*y *FLTRBM®y *SCRUBR?®
#9 "CLRHTR "o *FILTER®y *DIVDER "o *EQMIXR* s "EFHOLD *e *PMPFAN®y *CLRFYR",
«*OVALMB*/

80 1 I-1.13
IF(ILAB(I) .EQ.NAME)Y GO TO 2
1 CONTINUE

2 MATCH=I
RETURN
END
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aN FOR MATIN

OO

[aNaNe]

10
15
20
30

4C
4t
56
50
70
80
8¢

95
100
10%
106
11¢C

130
143
1s¢C
160
170
20c
205
210
220
23C
250

SUZROUTINE MATIN (AeNsReMyDETERM)

DOUBLE PRECISION Ae 2s DETERMIFPIVOTy AMAX e SWAP, T

DIMENSTION TPIVOTU(SC)IvA(SCy SC)IeBISSe 1)e INDEX(SQe2)ePIVOT (50)
EQUIVALENCE (IROWsJ2CW Iy (TCCLUMyJCILUM)Y (AMAYY Te SWAP)

INITIALIZATION

DETERMZ1.0

BC 23 J=1sN
IPIVOT(U)=O
DO 550 I=1sN

SEARCH FOR PIVOT ELEMENT

AMAX=C.0

DO 105 JzisN

IF (IPIVOT(JI-1) 60w 1ICSy 60

DO 100 K=1eN

IF (IPIVCT(K)-1) B8Oy 100. 747

IF (ASS(AMAX)-A48S (A (JeK))) 259 100e 100
IRCw=-U

ICOLUMZK

AMAXZA(JYyK)

CONTINUE

CONTINUE

IF (A3S(AMAX).LE.O.O) GO TO 729
IPIVOT(TICOLUMIZIPIVOT(ICOLUM) ]

INTERCHANGE ROWS T PUT PIVAT ECLEMENT ON DIALGONAL

IF (IROW-ICOLUM) 145 260501470
DETERM = -DETERM

CO 200 Lz1eN
SWAaP-A(IROW.L)
B(IROWIL)IZACICOLUML)
A{ICCLUMyL)=SWAP
IF(M)2600260¢210

D0 250 Lzl.M
SWAP-S(IROWs L)
B{(IROW«L)IZRIICOLUMLL )
8 ICO_JMy . ZSUWAP

Fup?
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o ON

)

oD

260
270
310
320

I3¢C
340
3506
3155
360
317G

330
330
400
42C
430
450
45%
400
5330
550

&£0C
61C
620
630
540
£50
€e6s
e70
700
708
71C

738
740

UNDIX e . ZIROW
INDEX(I+2)zICOLUM
PIVOT(IVIZALICOLUM,y ICCLUM)
DETERM-DETERM«PIVOTI(I)

DIVIDE PIVCT ROW 3Y PIVOT FLEMENT

ACICOLUM, ICOLUMYIZL WO

D0 350 L=-leN

ACICOLUMy LIZACICCLUMSL)/PIVNTI(])
IF(M) 380y 3E0s 360

DO 37C L=1eM
BUICOLUMeLIZSLICOLUML I/ PIVATIT)

REDUCE NON-DIVOT R0WS

PO 550 L1=1+N

IF(LI-ICOLUM) 400+550,470
Tz&(L1, ICOLUM)
A(L1.ICOLUMIZO.D

DO 45C L=1leN
A(L1oeL)zA(LLI«L)I-A(TCOLUMIL )T
IF(M) 550¢55Cs460

00 S3C Lz1leM
BILIoLIZBIL1eL)I-BOTCOLUM,L )T
CONTINUE :

INTERCHANGE COLUMNS

DO 710 Iz1+N
LoN+l-T

IF CINDEX(Ls 1)-INDEX(Ls2)) £330+ 710+83C

JRCWZINDEX (Lel)
JCOLUMZINDEX (Ls2)
DO 705 K=1leM
SWAPZA(Ke JROW)
A{Ks JROWIZA(K, JCOLUM)
AlKsJCOLUM)C-SW AP
CONTINUE

CONTINUE

G0 TO 740
DETERMZ-Q.0
RETURN
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aM FOR NOLIN
SUBROUTINE NOLIN(XeNeTFPSsENT«PARTL)
COMMON/LIMS/NF
COMMON/FUNC/ZECE0 ) ZY LS T LI
COMMON 2 GRAD/PDISCYy ST AS (S0 30) e SGURDYI/RESIDZGS (BN
COMMEN /NEW/ IVISC)e IE(SC)e CLeTH(11)
DIMENSION X(1)+DELT(ED)
NOYBLE PRECISTION FoeCKeLCTePDy 8SeSGe S
COUBLE PRECISION XeDOLT+PHTIPHIWPHC
NF N
EPS-1.E~-5
DL-l.E~-8
PH1zZPHI(X»EQS)

12 CONTINUE
PHZZ-PH]
CALL ASTAR{(X+PARPTL)
CALL GSTAR(IX+EGRS)
CALL DELTA(DELT DL}
IC:z1
DO3TZ1eN
TEZARSUODELT(INI/Z7 (0014835 (X (1))
IFITEL.GT.EPS) IC=C
XO(II=X(T)+0ELT(I)

o CONTINUE
TF(IC.EQ.1) RETURN
PHIZPHI(X»EQS)
TF(PH1 LT 1.5-2) DL=Ca
£0 70 10
END
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@l FCR QRDER

n

L)

SUBROUT INE CRIOER(NS+NI«ND)
DIMENSION NS(I10)eIGUMI1D)
NQZC

NIZO

DO 1 IZ1e1C

IFINS(TI)) 20103

NOZNQO+1

NXZ5+NO

IDUMINX)Z=-NS(I)

GO0 7O 1

NIZNI+1

IDUMINI)IZNSLT)

CONTINUF

DC 4 T=-1e1C

NSCEIYyzIoUMIT)

IDUMtIY=C

RETURN

END
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el FCR oQvaLmMg

e NeNaNe]

I AR LR RS SRR SRS AR EEE RN R AR R IR ERESEEDELREN]

*
*

SUERQCUT INE OVALME(Fs3)
INCLUDE CMMNoLIST
DIMENSION PP(2])

THIS RGUT INE PERFNRMS AN GVERALL
MATERTAL BALANCT A3GUT THE SYSTEM

*
*

IR E A Z AR RS SR E R LR R SR SN E R R R R R R R R ERERS ERN

LOCSY=TISERINL)
LISIZISTM{LOCSVe])
LISZzISTMILOCSV.2)
LOS1-ISTMILOCSVeG)
LOSZ2=ZISTM(ILGCSVY 7)
KEY 12SVILOSZe2)
IF(KEY1.NE.D) GO TO 1
INITZ=C

ISET=D

AHZOzZ1.
PRO(4)=P(1)1=x10C.
PRD(5)=P(3)=x10C.
PRE(T7)Y=P(4)*100,
PRDIE)=PULS)=1C0.
PRO(EZI)IZP(S)
PRO(11Y=P(7)*10C.
POD(12)1zP(R)=*]1(C.
Xa(2)z=P(2)

RETURN ?2

1 CONTINUE

:,

Xa(l)z=FP(1)

XA(3)=P(3)

Xat4)=P(4)
SYILOS196)IZSVILIS1e5)-P(6) /144,696
PGO =SVILOS1s£)

X0z=P(5)

XLSUC1L)Iz=P(T)

YLsu(2yzP(s)

XFE&zSVILOS2.180)

IF(ISET.EQ.1) CGC TC 5

CALL GRAASO(LISYIeLOS 1e XD ONAT, 43N)
CALL WAVAP(LIS1sABN+PGOsTAT WY )
IF(P(2).EC.Ce) XA(2)Z3.5E-4
CONTINUE
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200

VPLOG=5.22684~-1750.286/71TAS-38.2)
YGS-C(AH20/SVILOS1¢6)) #10.+VPLOC

CaLL GABSO(LIS1+LOS1eXO0y ONAT . ABN)
WVZ(SVILIS1»1C)I-SVILIS1919)-A8BN)»YES/(1e-YGS)-SVILIS1s19)
SVILOS2¢101)=(1-P(T7T)) SV (LIS1+101)
SVILOS2¢108)=(1-P(8S))«sSVILIS1y108)
SVILOS2+118)=SVILIS1e118)

CALL DNTYLAOC(LIS1+P(T7)sP(8))
IFLISET.EQ.1) GO TO 3

ISET=1

SWZSVILIS1e101)¢SVILISIVI1IO®)
WFB-5.50622*SW*(1-XFR)/XFS
WMZ(WV+WFB+SK)I=*18.016

SV(LISZe50)=KM

CaLL TOEQSP(LIS?)

CONTINUE

00 4 J=-1+8

Izu+30

SVILOS 2y I)-DNAT(UI+SVILIS12T)eSV(LISZ2, 1)
CONTINUE

SVILOS1e5)=TAS

SVILOS295)=TAS

SVILIS2¢5)=TAS
WNES-S56.08*SVILOS2e 1011 +40.32+SVILOSZy 108) +T75.80+SVI(L3S29118)
IF(INIT.NE.O)} GO TO 8

IOPTC-y

CALL INTIT(LOSZ2sJOPTeXF3+wNES)

INIT=Y

CONTINUE

CALL EQUILBILOSZ2¢4s TAS»PPL,WNES.O)

WRITE(6s200)

FCRMAT( U4SX+°*FILTER BCOTTOMS®)
SVILOS2+50)=1C00.SV(LOSZe53)
SVILIS2¢33)1=SVILOS2¢23)¢kV
SVILIS2,5C)=18.016¢SVILIS2s33)
IFLABS(SVILIS2y50)-WM)/WM.LT.e05) GO TO &
WMZSVY (LIS 2+50)

60 10 2

CALL TOEGSP(LIS2)

PP(1)=0.

PP(2)=0.




-98-

CALL EQUILBILISZ2¢sCoTASPPeWNESs])
WRITE(E, 3CG0)

' FORMAT (45X s *MAKEUP WATER ')

SVILISZ2eEC)- 100G *SVILISZy E0)
SVILOS1s13)=SVILISIe1?2)+ikV
SVELOS1e17)ZSV(LISINLT)
SVYILOS1916)ZSVILISIN1E)
SVILIS1e35)=SVILISLIe2IS)+SVILCSZe101)
SVILIS 1y 36)ZSVILIS1e28)+SV (LGS 2y 108)
SVILOS2¢ 3S)I-SVILOS2925)+SV (LGS 20101)
SVILOS2+36)1-SVILOSZe25)+4SVILOSZy 108)
SuUM=GC.

D0 7 Jz1l+9

IZ15+0

SUMZSUM«SVILOS 1y 1D

CONTINUE

SVILOS1e1D)CSUM

RETURN 2

END
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I FOR PARTL

* THE PART TAL ODERIVATIVES adF/aX AREL PLACED HERE *
* PO(IeJ)z =2F(I)/aX(J) %
AEEEEER AR SRS R VR RS DR S RN AL R RS E SR E R SR S A S B4 AR KA SR KBS F X A&

SUBRLUTINE PARTL (W)

COMMON/FUNC/F(5C0)e CK(SD)eCT(1D)

COMMON /GRAD/PD(SOe S50 e AS(ENeST)eSE(STI/RESINZGS(S50)

COMMON ZACCQEF/CGLNIEO)s DSLNISC) s IZ(ED)

COMMON - /LIMS/NFWNT

COMMON /PPRESS/PRUIZ2)sL 1oL 29L2eLUsREN

COMMON /NEW/ IV(STIe ITLSN )L THILIL)

COMMON/TEMPER/ACsBCeCPKI2) e NHY (S)e WS (10)

DIMENSION W(1)eX(5C)eGDUSEGe50)

COMMON /TPAR/ATP(T)

DOUSLE PRECISION BRsTH

ODOUBLE PRECISION ATP

DOUSBSLE PRECISION FeCHeClTeleXs0GD

DOUBLE PRECISION PDeASeS Q9GS

o
C
c
C #2223 20202025 X202 S SRR AR AS A AR S RN E IS AR AR A SR S EX RS2 &
c
~
"
C

DEFINE Y(IIZEXP(X(I))

C
C I EE S R SRR R SR ER RS R 2R R AR R R SRS RS RN RSEE R RFENSR SRR ER RN
c ZERO UNUSED MOLARITIES AND CONVERT *
c L E S A SRS RS R RS R R R AR R IR ERERZ RIS R R R R R R R TR TR R SR EE RS S
DC 5 T=1+40
DO & J=z1e40
GD(IeJ)=0.
CONTINUE
CONTINUE
DO 1 I=-1ls3%
X{(l)=-<0.
1 CONTINUE
X(38)=-9G,
X(39)=C

nm

DO 2 Ic-1leNF
NVZIVLII)

X(NV)IZWA(I)

X 37 .06 C./Y (33
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2 CONTINLE

GDC 1y 1)z-1.0
IF(LY.EQ.8) GO(l1s1)=0,
GDU 10 2)z-1.0

GDL 2+ 1)z=-1.C

EDE 2¢ 2)z=-1.0

GDC 2.10)z+1.0
IF(L1.EQ.Y) GD(2s10)=0.
GDC 3y 1)z-1.0

GO( 2y 4)=-1,0

GO( 39 2)z+1.0

GD( 4y 1)=-1.0

GOl 4o 5)z-1.0

GDU 4o 9)z+1.0

GO0 Sy 1)1z-1.0

GDU S 6)z=-1.0

GDL S5911)z+1.C
IF(L2.EQ.2) GD(Se11)z0.
6D &6y 1)z=-1.C

GDL S 7)1z-1.0

CD( €9 F)z=+1.0

GD( 7+12)z=-1.C

EDC 7 2)=-1.0

GDC 7+13)z-+1.0

GOl 8912)z=-1.0

GD( 8y 4):=-1,.0

GDCO BelU)z+]1,.0

GO{ S912)z-1.0

GD( 99 TI=-1.3

GDC 2¢15)z+1.0
GD(10e12)=-1,0

GDU10y 6)2-1.0
GD(13s16)z+1.0
GD(11s12)z=-1.0

GD(11ly S)z-1.0
GD(11e17)=+1.0
GD(12+12)=-1.0

o112y 8)z=-1.0
CO(12+18)z+1.G

CALL GPARSI(GDeATP(1)v 12y 741213)
CALL GPARSH(GDy ATP(Z)e 129 Se20e l4)
CALL GPARS(GDrATP{ZI)e129 4¢21s15)
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CALL GPARS(GDe ATP(U )¢ 12
GOU16e 2)z2sGDU1FRe 2)
GDE17+23):-1.0

GD(17e 2)z=-1.0
GD(17s24)=+1.0
GDU18+23)2-1.0

GO(18y 4):=-1.0
GD(18925)z=+1.C
GD(19+23)=~1.0

GD(1%. €£)=-1.0
6D(1%+2E)=+1.0
GO(20¢23)=-1.0

GD(20s S)z=-1.0
GD(20+¢27)=+1.0
GDt21e23):x-1.0

GD(21y 7)=-1.0
GD(21e28)=+1.0

CALL GPARS(GDy ATP(5)¢ 22y
CALL GPARS(GDW ATPI(E )23
CALL GPARS(GDe ATP(7)e 27,
GD(22e 2)z2xGD(22y 2)
GD(24e 2)=-1.0
GD(24e32)z+1.0
GD(2Se31)z-1.0

GO(25y T71z-1.0G

600259 33)x+1.0
GD(28931)1=-1.0

GD(2€s 6)=-1.0
GD(26e34)=+1.0
C0(27.311:-1.0

GD(27s S)=-1.0
GD(27+3%51=+1.0
GD(28¢321)z-1.0

GD(28y 8)=-1.0
GD(28936)z=+1,.C

BR=THI(1)

GD(23%e¢ 3)zY( 3)/ER
GD(29s 4)=Y( 4}/BR
G0(23¢10)=Y(13)/8R
IF(L1.EG.1) GO(29e1C)=-1.
GD(2%e14)z=Y({14)/ B8R
CD(239+21)Y(21)/78R
GD(29925)z¥Y(25 /8BR

2022¢16)

2+23¢22)
Te3Ge 23)
49389 23)
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ED{ 2%y 39)z .
BRzTH(2)

G0(20y B)ZY( 5)/8R
GD(3I0, 7)Y 7)/8R
GDO30e11)zY(11)/BR
IF(L2.ED0.2) GDUI0,
GOC3C»15)Y(13)/7ER
GO(30+1€1ZY(15)/RR
ED030+,13)zY(13)/8R
GD(3Ds25)ZY(2F)/38R
GD(30s28)=Y(28)/78R
GD(3Cy2CIZYL20)/BR
GD(30Cs23)=¥Y(23)/8R
GD(30s34)Y(34)/8R
GD(3Ge29)z1.
BRZTHI(Z)

GD(2Z1s 5)Z¥Y( S)/8R
GDO(31y Q)zY( 2)/8R
GD(31e17)¥Y(17)/8R
GD(31.20)Y(23)/RBR
GDU31+27)2Y¥Y127)/78R
G0(I1+35)Y(25)/8R
GD(31+338)1.
BR-THI(4)
GDU32¢28)Y(35)/8BR
GO(3Zy 2)zY( 3)/8R
GD(32+,18)z¥(13)/ER
GD(32+3%)=1.
BR=THI(S)
GDU32,12)Y(12)/ER
GDC22,412)z¥Y(12)/8BR
GD03I3y148)z¥Y(14)/RR
GD(32e15)Y(15)/8BR
GD(33+12)zY(15)/8BR
GD(33417)Y(17)/8R
GD(32+18)Y(12)/8R
GD(23+,191zY(12)}/8R
GD(3342C)Y(20)/8R
CO(32e21)Y¥(21)/78R
GD(33s22)zY(22)/8R
CD(32429)1.
BR-THI(E)
CD(34922)Y(23)/ER
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<
-

1C

GO(34,24)Y(24)/8BR
GOt 34425)Y(25)/8R
GO(34,2€6)2Y(26)/BR
GD(34,27)=Y(27)/8R
GD(34,23):-Y(28)/8R
6D(34s29)=Y(293)/BR
GD(34030)zY(30)/8BR
GDU34,381-Y(33)/BR
GD(34,29)21.
BRZTHI(T)
GDC35¢31)=Y{311)/BR
GD(35¢32)2Y¥Y(32)/8R
GOU3Se23)=Y(33})/8R
GD(25,34)zY(34)/8R
GO(35+235)ZY(35)1/8R
GD(35+36)-Y(32)/78R
GD(3S%+ 2911
IF(L4.E0.8) KO TO 9
BR=TH(#2)

60036y 1)=- Y( 1)/8R
GDU(3Re12)==-22Y(12)7230
6083691312~ Y (13)/RR
GD(36¢16)=~ Y(1lE)/RR
GD(26+18)=- Y (18)/3R
GO(36e¢23)1=-2«Y(23)/8R
GD(3Ee24) - YI(24)/8R
GD(36e26)z- YI(26)/8R
CO0(35931)=- Y(31)/8R
BRZ=THI(9)

60036y 2)= YU 2)/8°
G036y 3}z Y 3)/8BR
GDU36s 4)z2+Y( 4)/8R
GD(36s 3)z2*Y( S5)/80
GO(2Ee €)= YI( §)/8°
GD(36e 7)=2«Y( 7)1/8R°
6D(3ce 8)= Y( B)/8R
GD(3Es %)z Y( 9)/8°
GD(36¢33)= Y(332)1/8R
GO(36938)= Y(25)/732
GDE36939)=-Y(37)/8°%
G0 YO 16

GD(26y 1)z=-1.
CONTINUE
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i

ERzT4 15

CO(3%y 1)z.5Y( 1)/83R
ED(3%9y 2)z-.S2Y( Z)/2R
GO39 E)z.52Y( £)/22
CD(Z9s S)z.S=¥Y( ©)/72°
CD(29,1C)¥({10)/BR
IF(L1.EQ.1) GD(23,100=C,
GDC(29y11)Y(11)/8R
IF(LZ2.EG.2) GD(3Sy 110,
CDE32¢13)z.52Y(13)/37
GD(3%s1E)=.S+Y(1E)/87
CO(39y24)z.5=Y (24)/RA
GDU293 261 .5+Y(26)/3D
CD(394232)=.5*¥(22)/73R
COU32Se34)=.%*Y(34)/3R
GDU39920)NHY (1) xY (20)/3R
CD(39¢21)z-.5*Y(21)/3R
CD(39+22)2Y(22)/8R

GO39+ ID)INKY (2)2Y (I0) /38
GD(3%¢25)zY(29)/8R

600339 IE)NHY (3) Y (32)/2R
GOU3Se39)cle+.CxY(27) /00
IF(LI.NELS) GO TO ¢
PR-THI11)

GD(Z3y19): -WS (2)
GO(29e¢23126D(79 20)-WS (5]
GD(23421)1:6D0(39e21)-KS (4)
CNU22¢22)2GND(39,22)-WS (1)
GDU39e22)6D(329929)-wS (6}
GDC2%e20)-GD 29y 2CY-WES (8)
SD0E339381-G6GD139 33)1-WS (9)

*Y119)+Y(23)/9R
*Y{Z0)eY(29)/8R
xY(21)xY(22)/PR
=Y (22)1xY(33)/8R
*Y{Z23)»xY¥(332)/8F
*Y(3C)xY (2237 3R
¥ (38)+¥Y{29)/8R

GD(39929)=GD(32025)«CT(130)/3IR-1

COINTINUE

D0 3 TIz1eNF
NEZTELT)

DO 4 J:zlsNF
NvzIvied) )
PO(Ie JIZGDINEYNY)
CONTINUE

CONTINUE

RETURN

END
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QIN PDP PDPELT.PDPELT
CMMNs FCOPY
COMMON
*SVISCe 1200
*ISTM(25¢10)
*IDEQP(25)
«ISEG(3I0)
*PA(25+8)
*L1e L2013
*NLe
*LSRLEI)SLERL(2)

e e

COMMON ODATA FOR ALL SUBROUTINES

STREAM DAT A

STREAM CONNECYICN ARRAY

FOUIPMENT NAME

CRDER QOF PROCESS CaL.

FRUIP,

PAR AMETERS

FLAGS FOR THE RECYCLE LOOGPS

CURRENT INDEX
STARYT AND

END OF

RECYCLE LO3GPS

*HVeXLSUCZ)eXSO(T e XLOUT7)»DONAT ()X A(Y4) e PRO(IDOIWLABEL(13)y aH20

DIMENSION
ENO
LCMNs FCOPY

PLe)

COMMON /DARRY/XMW(13Q)

e DHFL1CD)

¢ ENTOCLIGC)y ACPLICD)

» BCPLIQT)

1 CCP(1ICT) +DCPL130) »TMINCIOO)» TMAX (LGOI ZELITOL
2 AL ITC13C)1eBLITH1IG3)»UCAP(IC0)
END
PHYSD* FCOPY
opaAaT A XMWC 1)/ 68 .0GE/s OHF( 1)/ ~T7CS30«/9ENTO( 13}/ 59.270/
1 AIMU L 217/ 44,011/ DHFL 2)/ -Q2401C./+ENTOL 2)/7 S1.033/»
XMu( 3)/ 3C.008/7e DHFL 3)/ 21580/ vENTO( 3)/ SG.210/
2 XMJ (€ 41)7/ 45 .00879 DHF LU 4)/ TSe0e/ e ENTO( 437 S7.290/
4 XMyt S)/ 37.00C7s DHF( S}/ Ce/vyENTOL S)/ 848.270/
5 XMd ( 5}/ 28.3011/79 BHFLU 8)/ =ZEULEL/eENTO( =)/ 47.210/»
€ XMu C 7)7/ 28.01E/e DHFL 7))/ Je/eENTOQU T3/ 4S5 .770/
7 XM ( 8)/ 3EU65/e DHF( B)/ -22C083./9ENTOL B)/ 44 E45/
8 XM 3)/ 18016/ DHF( 3}/ -5ST7770/9ENTOC 23/ 4S5 3703/
9 XM (21)/ SS.080/ DHF(21)/ -181730./+ENTO(21)/ 3.480/
ODATA  XMW(22)/ T4.10C/e DHF(22)7 -2356004/+ENTO(22)/7 19.325/
1 XMW (2317 100.090/s DHF(23)/ -288110/9ENTCU23)/ 22.19C/»
2 XMR(28)/ 120.140/9 DHF(2U)/7 -275880./¢ENTO(24)/7 24.200/
3 XMW (25)/ 129.143/ DHF(25)/7 -21€2054/9ENTO(2Z23)/7  29.2 /»
4 XMW U128/ 13c¢.140/y DHF125)/7 —34C133./+ENTOUZE)Y/  Z5.4SC/
S XMW (27)/ 172.1707 CHFU27)V/ -U32400./+ENTO(27)/7 U5.T /o
6 XmMu(28y)/ 404,320/ DHFL128)/ -243835./¢ENTCGL2E)/ heldlG /o
7 XMW (29)/ 5242403/ DHF(23)/ -2210G0./+ENTO(Z22)/7 13.1C /o
3 XMW (3C)/ BB .I30/e DHFLIC)/ -2839B0/eTNTOU2D)/ 15.7C /»
9 XMy (31)/ 132.380/ DOHF(31)/ -4T731CT/oINTOC2Y1Y/ 435.3  /
SDATA XMWI(32)/ 174,413/ DHF(32)/ Se/ eENTO(Z2)Y/ Se3 /o
XMY 23 / Y3307 YT 23/ GCCe/vENTO(33Z /7 22.500/»

S0z

Coze

ND

NOZ

02

co

N2

HCL

H20

cao
CA(CH) 2
Cacos
CasSG3
CASG2* W
Casoy
CASQY»2U
M50
MG(OH) 2
MGC02
MCCOZe2Y
MGCCCIsSW
MG3S03



WD NNUNE NN ONDNEINNDODOUONIIMIEWNT DO NN TE NSO NN BN

XMW 34 /
XMW (35)/
XMW (36)/
XMW (27)/
XMW (238)/
XMW (25)/

DATA TMINCG 1)/

TMINTG 2)/
THINTG Z)/
TMINC 4}/
TMINC 5)/
TMING €)/
TMINC 7))/
TMINC B)/
TMINC 3)/
TMINC21)/
TMING22)/
TMIN(Z2)/
TMIN(24)/
THMINC(2S)/
TMIN(26)/
TMIN(27)/
TMINC28)/
TMIN(29)/
TMINC(3CY/
TMIN(31)/
TMINC32)/
TMIN(Z2Z)/
THINC3G)/
TMINCGZS)Y/
TMIN(36)/
TMINCIT)Y/
TMIN(38)/
TMINCZ2)/

BCP(

212825/
120330/

5149330/

754800/
S2.U4E/

DHF (24 /
NHF(25)/
NHFE(35)/
NUF(27)/
NHEL22)/
DHF(22)/

453300/ ENTO
—7FTE2ICC /1 ENTG L
-20SSC2 /9 ENTOL
=102270./7 2 ZNTOU
282587/ ENT O
- 2E2650./792ENTOL

24/
3%/
360/
171/
330/
331/

2R/ THAX L 1)/
298/ TMAX L 2)/
233 ./ TMAY L 3}/
293 /e THAX (L 4)/
2G34/0TMAX L S)/
223 ./ TMAX ( )/
298./eTHMAX L T)/
298 ./ T¥AX( 2)/
233/ TMAX{ 3}/
273/ TVAX(21)/
288/ THMAY (22)/
2894/ TMAX(23)/
298/ TMAX(24)/
223/ TMAX (25)/
298/ eTMAX(25)/
293./7TMAX(27)/
2GR/ TMAX(22)/
2%8./eTMAX 23/
2383 ./+TMAX (30)/
258/ TMAX{Z1)/

Se/eTMAX(22)/
288 ./sTMAY (33)/
298/ TMEX 1 34)/
298 ./ TMAX (35)/
793,/ TMAX (35)/
298/ TMAX 137/
298./7+TMAX 138}/
2784/ TMAXC 331/

1)/710.010E=-2/74CCP L 1)/

BCP( 2)/1C.140E-2/+CCPL 20/

aCPt 2)/
BCP( u)/
BCP L 5)/
BCP( &)/
BCPI( 7}/
BCP( B}/
gcet 9y/

2.063F-3/74CCO( 3)/
1.5T0E~3/+C0P( 4)Y/
T.1E7E-3/74CCP( 5)/
1.8115-3/4CCP( E)/
1.3835-3/,CCP( 7)/
Cel?715-3/4CCP( 8)/
2.6U05=-3/,CCP( 21/

15CC./»aCPL 1)/
15C0/0CPL 23/
15C038./7v8CP(C 2)/
1300./7¢aCP( 4)/
1505 «/7¢ACPL 5)/
1500704 CPL &)/
1500/ CPL 7Y/
15037484 CP( B)/
150Ce7aCP( S)/
1173.7+4CP(21)/
9734/08CP(22)/
273/ 0CPL22)/
3734/04C0P(2U)/
373./7¢ACPE25)/
Q73./40CP(2C)/
3734/7904CPUL2T)Y
2000/ 8CP(22)/
103C/7+4CP(23)/
TC3e/vACP(3C)Y/
3734/7¢4CP(31)/
Ce/v8CP(32)/
S73./04CP(32)/
3734/ ¢ACP(34)/
273/ ¢ACP(35)/
14CC./ ¢ ACP(3E)/
373./0ACP(37)/
BUC /s ACPL3EY/
10C5C/eACPE331/

~Z.794E-6/¢DCPL 1)/
-J.41SE-E/DCPC 20/
~+420EE~-C/+DCP( 3)/
«TR8E-C/DCPL %)/
-1.00%E-€/7DCP( 5D/
~eZ26TSE-C/ e DCPL £/
-C.DESE-E/DCPC T7)/
«3612E-E/sDCPL B2)/
«GUSAE~-6/02CPC )/

€2.1 /o
8147 /o
21230/
16,7950/
11.724037/»
17.24537
R85/
e 23/
BT/
eFET /e
e117/
e 253/
857/
TG4/
Tel138 /0
15.000/
24 .27 7y
12,770/
26-7 /'
1742207y
44,5 /o
10170/
17.52867»
13,713/
5l.% /
Cefl /o
17.790/7
SCel /e
8.0 /»
16.5335/
1S5.520 /e
14,2257
. 8796/
/e
/1
/e
/e
/e
/e
/o
/e
/o

32}

[+ 23002 B ARG 2 S0 A IS 2

3D D DO D

OOOOQOAOOQOe.
.

)
]

MGSO03#+3W
MTSO2=E W
MGSOu
NAZ2Q

FLY BbSH
NACL

S0z

cez

NO

NG2

02

£o

N2

HCL

H2C

Cag
CA(OH) 2
£4aC02
Tasos
TasSC3I*x W
TAasSQu
CASOue2 W
MGO
MZ(OH) 2
M5C02
MGCGZ*3W
MGCC3IsSW
MG503
M3S)2«3W
MASOT*C W
MGSOY

NA 20

FLY ASH
NACL

s02

roz

ND

NOZ

02

0

N2

HCL

H2C
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DAT A

DaT A

DAY a

DAT A

DAT A

BCP(21)/ 4.8405-3/,CCP(21)/
BCP(22)/ 2.880FE-3/+CCP(22)/
BCP(23)/ S.240F~3/+CCP(23)/
BCP(241/15.180E-3/7+CCP(24)/
BCP(25)/ O/0CCP 255/
BCP(26)/23.370F-3/+CCP(26)/
BCP(27)/ Q./9CCP(2T)7
BCP(28)/ 1.740FE-3/,CCP(28)/
BCP(29)/14.522E-3/,CCP(29)/
BCP(30)/13.730E5-3/+CCP(30)/
BCP(31)/ 0./eCCPU31)/
BCP(22)/ B/ CCPUZ2)/
BCP(33)/16.840NE-3/CCP(33)/
BCP(34)/ 0s/9CCP(3U)/
BCP(25)/ 0./9+CCP(35)/
BCP(361/21.800E-3/+CCP(36)/
BCP(37)/ S.400E-2/.CCP(2X7)/
BCP(38)/ 7.300E-3/.CCP(38)/
BCP(39)/5.4183E-3/,CCP(39)/

O0./+DCPL21)/
Ce/eDCPC22)/
O./eDCP(23)/
0./+DCP(24)/
O./¢DCP(25)/
Q./9DCP(2E)/
O0.79DCP(27)/
O./¢DCP(28)/
O./+DCP(23)/
Oe/7eDCP(30)/
O0./DCP(31)/
O«/700CP(22)/
Oe/»DCPL33)/
O/ 0CPU34)/
O0./+DCP(35)/
B/ DCPL3E)/
O./¢DCP(3TYV/
Ce/+DCPL3EY/

1.08E+5/
4.515+5/
620 +S/y
l1.6FE+5/,

0-0 /!
Be335+5/,

Qe /o
1.48%+5/,

3.07REKS5 /s

Qolcr*S/O
c.0 7/
0.3 /»

1.485+5/,
Cal /o
Cel /s

0.02E45/

G.C” /'

3.61545/

Q0e/e0CP(32)/-35448TELS Y/

ALIT(50)/0.9
ALIT¢S511/76.0
ALIT(S21/73.0
ALIT(S53)/78.5
ALIT(S4)/74.5
ALIT(SS)1/73.0
ALIT(SE)/4.5
ALIT(ST)/7 4.5
ALIT(58)/72.0
ALIT(59)/3.0
ALIT (£0)/70.0
ALIT(61)/0.0
ALIT(E2)/74.5
ALIT(€3)/73.0
ALIT(E4)/0.0
ALIT(651/70.0
ALIT(6E)/ 2.0
ALIT(67)/7G.0
ALIT(68)/3.0
ALIT(E2)/3.0
ALIT (7537 3.0
ALIT(71)/G.0
ALTIT (7217 3.0
ALIT(73)/C.0

/+BLIT(S0)/C.D
/+ELITE511/C.4
/+BLITU(S52)/70.3
/2BLIT(53)/0.0
/+BLIT(54)/0.0
/+BLIT(S5)/7C.0
/+BLITUS56)/0.0
/+BLIT(E7)/0.0
7+ BLIT(58)/-.2
/»BLIT(5S%)/0.3
/+»2LIT(c0)/0.0
/+8LIT(61)/0.0
/2BLIT(62)/3.1
/+BLITUIE3)/0.3
/2 BLIT(B4)/0.C
f+RLITUS5)/0.0
/+BLIT(GE)/C.3
ey BLITUGTY/G.G
/+3LIT(E8B)/Ce3
/+BLIT(ES)/2.3
Z+BLIT(TD) /3.3
/+8LIT(71)/0.0
/+8LIT(72)/C2
/+BLIT(73)/C.0

/+Z2E(SC)/ C.
/+Z2E511/<]1.
/22ELE2)/7-1.
/vZELS3) /-1,
/e2ELS4) /-2,
/22ELSR) /-2,
/eZ2E(EE)/-1.
/2Z2ELE5T7) /-2,
/vZELB8)/-1.
/+ZELES)}/-1.
/+2ELED)/ Do
/+ZE(lel)/ C.
/22E(E2)V/+2.
feZE(E3)/+].
/+7E(E24)/ O.
/7e2E(ES)/ Q.
/775 (RE) /1.
/+ZE(RTY/ G
/2Z2E(ER)/+]).
/v2E(E3)/+2.
/2ZELIC)/+].
/+ZELT1)Y/ C.
feZECT2) /41,
/»2ELT3 / D,

/e
/v
/e
7
/1
/o
/y
/1
/e
/
/e
/o
/e
/e
/e
/
/oy
/s
/9
/e
/e
/s
/9
/s

CAQ
Ca(OH) 2
CaCO3
Caso03
CASO3=* W
CaS04
CASOY =24
MGO
MG(OH) 2
MGC03Z
MGCO03*3W
MSCO3+5W
MGSO32
MGCSOZI*3W
MGSO3seW
MGSO0U
Na2o

FLY ASH
NACL
H2C(LIQ)
H<

CH-

H30 3~
S03~--
S04-~
HACC 3-
C03--
NO3Z-
HSC 4 -
H2S03(L)
H2C03(L)
CA+s
Ca0H+
CasSc3I (L)
Cago3(L)
CAMCC 3+
caASO4s (L)
TANO3+
MG+e+
MGOY
MGSO3(L)
MOGHCO 3+
MESCH (.
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DAT &

DAT A

DAT A

DaTa

0AT A

oDAT A

N= O OWO NN ENN= OO NDOTNEWNOWOURNDODNE W OWONE NN O OX

A_IT "74 /2.0
ALIT(72)1/5.G
ALIT(7&)/C.0
ALITC(?771/72.0
ALIT(78)/0.0
ALIT(7%)/72.0
ALIT(8C)/0.0
aLIT(81)/4.C
UCAP(S0)/0.0
UCAP(51)/0.0
ucae(c2)/3.C
UCAP(53)/0.C
Ucas (541)/70.0
UCaP(:55)/70.0
UCAP(56)/0.0
UCaP{571/2.0
UCAP(S8)/3.0
UCAP(53)/0.0
UCAP(BC)/C.07F
UCAP(EL1)/C.0T7E
UCarP(621/C.0C
UCAPI(E3)/ 0.0
UCAPLEL)/C.CTE
UCAP(65)/0.075
UCAPIR5)/7C.0
UCarP{c7)/0.07¢
ucar(esl/ 0.0
ucarteel/c.C
UCAP(70)/C.0
UCAP(T1)/C.07F
UCAP(T72)/C.0
UCaP(73)/C.07¢
UCAPLT74)/2.07%
UCAPI(T72)/C.0C
UCAP(761/70.07¢
UCaAP(177)/70.0
UCAP(T72)/0.07¢
uCarP1732)/73.0
UCAP(80)/0.07F
ucar(811/7G6.0
TMINCECH/
TMINGSY I/
TMINGSZ I/

/o5 _IT(T4 /0.5 79v2E T4)7 G /
/v RBLITI75)/30.1 /vZELTIS)/+1. /
/vRLIT(78)/C.C /+ZE(TEN/ O /v
/2BLIT(TT7)/3.3 Je2ECTTY/-1 . /s
/e PLIT(T78)/0.0 /+2ELTB)/ C. /o
/+2LIT(78)/0.2 7e2E(TS)/+1. /e
/eBLIT(2C)/0.0 /+2E(8C)/ Q. /9
/yBLIT(31)/3.0 /vZE(R1)/-1. /
/e OHF (B0 /-£5317. /e XMW (50)/ 184016 7/
/e DHF (S1)/ Cel ZoYMK(S1)/ 1.70DF /o
/2 OMF(52)/~5u4793, JeXMW(52)7 174008 /»
JeDHF(E3)/-142376. /eXMWIS3)/ 81.07 /e
/9 DHF (54)/-152276. /eXMK(S4)}/ 80.05 /v
/9 DHF(55)/-215900. /+XMU(55)/ 9&.06 /4
/9 DHF (S2)/-164729. /+XMUI36)/ 61.02 /v
/Y DHFIST)/-162126e /ZeXMH{ST)/ 60.N1 /v
FeOHF(E3)/- 63272, /9XMK(53)/ 6Z.01 /v
JyOHF(G2)/=211€E0e ZoXMWIS5)/ 27,07 /
/e DHF(B0)/-165516. /9 XMW(ED)/ 82.03 /e
JeOHF(61)/-1€69T1. /oXMUIRL1)/ 62.MN73 /e
Ly DHF(E2)1/-12377C /o XMWIEZ)/ 4O.N13 /e
/o DHF(E3)/-182320e /Ze+XMW{EZ)/ 57.02 /e
/e DHF(BG)/-2T72736. /o XMWIE4)/120.14 /v
FyDMFUES)/=-289720. /o XMWIES5)/100.08 /s
/vDHFLEE)/~293118s /Z+XMWIES)/101.1D 7
JyDHF(ET)/-3644033. /eXMU(ET) /136414 /e
/o DHF(68)/-173445. /9 XMWIEE)/102.79 /o
/vOHF(E9)/-110410. /+XMWIES)/ 24,72 /
JeOMFUTO)/-162539. /2 XMWITO)/ 41.12% /o
FeDHF(T1)/-26CTCTe /o XMW(71)/108,.33 /v
JeDHF (T72)/-274083. /+XMW(T2)/ BS.34 /v
/o DHFUT3)/-322455e /ZoXMW(T73)/7120.72 /s
/o DHF(TU)/-2702268« /oXMWIT4)/ B4,7T /o
/e DHF(T78)/- S727%. /+XMW(75)/7 22.92 /v
/eDHF(76)/-112078« /o XMW(T7E)}/ 40.CO /
/+OHFUT7)/-212017. /Z+XMW(TT7)/ 82.01 /o
/yDHF (78)/-222008. /+XMWI(TR)/ 86,072 /e
/9 DHF(79)/-273076. /+XMWI172)/119.0% /
/yDHF L8D)/~1066S1. /e+XMW(BG)/ 85.°C /v
/yDHF(81)/- 43C23. /+XMW(E1)/ 35.4%5 /
272./¢TMAXCSOY/ T73./9ACPCSCI/ 13.08 /7
298./+TMAXES]1 1/ 333./¢ACPCS11/ 23.00/s
29E./ s TMAXES 21/ 333./94CPC524/ - 47.C0/»

MGCOZA(L)
NA+
NAQH(L)
NACO2-
NAHCO3(L
NASO4y-
NANOZ(L)
fL-
H2G(LIG)
e

CH-

HSO 2~
S03-=-
SOoy--
HCOZ-
CO03--
N32-

HSO 4~
H2S03I(L)
H2C02(L)
ChA++
CAOH+
caso3(L)
CACs3U(L)Y
CAHCO3+
CasSo4 (L)
CANQO3+
M+
M504+
MGSOZ(L)
MBHCO 3+
MGSO4(L)
MGCOR(L)
NA«+
NACH(L)
NACC2~-
NAMCO3(L
NAS Oy -
NANOZ(L)
cL-
R2¢ceLIG |
H<

o4~
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DAT A

DAT A

DAT A

END

TMINCES3L/
TMINGSH I/
TMINESS I/
TMINESE!/
TMINCSTI/
TMIN¢S81/
TMINESSH/
TMINCED 1/
TMINCEL}/
TMINCSE21/
TMIN¢B3I/
TMINCGU 1/
TMINGES L/
TMINGCEG 1/
TMINGCET Y/
TMINGER I/
TMINCGS 1/
TMINGTOY/
TMINCT1 }/
TMINGT21/
TMINET731/
TMINe74 1/
TMINGTSI1/
TMINSTE1/
TMINGCTT I/
TMINGT781/
TMINCT791/
TMINECSDI/
TMINGRLIY/

238./0TMAXES 3/
298./2THAXESUHL/
298./+TMAXESS51/
298./+TMAXSESE L/
2984/ TMAXSS T/
2984/ TMAXCES58Y/
298./+TMAXE591/
298./TMAXCE01/
298./7.THMAXCEL1Y/
298/ TMAXER 21/
298./7TMAXCE3H/
228/ THMAXSESGY/
288,/ TMAXSEESY/
298/ TMAXSEE/
2984/ TMAXSCETI/
298/ TMEXCEBRY/
238/ TMEXCESY/
298/ TMAXCTON/
2984/ TMAXCT2H/
298./2TMAXCT 21/
2984/ TMLXET3Y/
228/ THMAXCTH/
2984/ TMAXCTSH/
2984/ TMAXCTEL/
298/ TMAXCT T/
29B /2 TMAXETEIL/
2384/ TMAXCT S/
238,/ TMAXCERCI/
298./9TMAXE211/

333./+4CP¢S3Y/
333./+ACPe541/
333./9ACPESS1/
333./+4CP2SEH/
333./4CPCSTL/
333./04CP¢581/
333./92CP¢SSY/
333./ACPCSTL/
333./98CP¢B11Y/
333./eaCPeEZI/
333./¢ACP¢631/
333,/ 4CPEBHY/
333./¢ACPCES1/
333./94CP¢EEIN/
333./94CPCETLH/
333./¢0CPCEENY/
333/ CPCENV/
23234/ +4CPCTTI/
I33./¢ACPCTLIHY/
333./eACPCTZV/
333./+ACPCT3U/
333./ACPCTLIY/
333./9ACPCTS1/
233./2CP¢7E)/
I33./¢ACPCT 71/
T33./eACPCTEL/
332708 CPCTSULY/
3334/ ACPCRDI/
333./+4CPEBLYY/

- 15.007y
=121.0C/»
- 23,00/
- 27.00/»
-122.00C/»
- qgoOO/'
- 13.C0/
T.00/

91 OUU,'
QSOOG/Q

-  2.00/»
- T8.00/
- R7.00/»
12.007»

- %030/0
- Q.CU/'
£1.00C7
4.007»

= T3.00/
24.007y

- 43,03/
- PI-OO/v
ITL.C0/

- 12.00/»
- 97.C0/
3»55/0

- £4,00/
- IQ.CD/'
- S1.00/

HSO3-
S03--
SO4-~
HCO 3-
co3--
NOZ-
HSCu -
H2S03e¢Ld
H2CO3eL 1
cacc
CAQHC
Caso3er)
CaCo3eL
CAHCO3<
CASQuelL i
CANO3C
MG<<

MG OHC
MGSO3eL |
MGHCO 3<
MGSOUEL |
MGCO3eL |
NA<
NAOHEL !
NACC3-
NAHCO3eL
NASCU~-
NANOZEL
cL-
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al FCR °PHI
FUNCTION PHI(XEGS}
DOUBLE PRECISION PHINTEMP
DOUBLE PRECISION FoeCKelTeX
C X EE R R RS R ERR R R RS RERE R IR R E AR RS SRR RS R R RS RS R R R R R R R R R YRR RS SR ]
C = FORM THE SUM OF THE SQARES OF THE N FUNC.
C I E 2R RS R RS RS SRR R R ER SRS RS R R R R R R T RIS RARE R TR R R R R R R E L
COMMON/FUNL/FISD)Ie CKISDYICT (1)
COMMON /L IMS/NF
BIMENSION X{(1)
CALL EAQS(X)
TEMP-0.
DC 1 Iz1leNF
TEMPC-TEMP+F({ I)*F (1)
1 CONTINUE
PYIZ-TEMP
RETURN
END
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al FOR PMPFAN

SUBROUT INE PMPFAN{Ps %)
INCLUDE CMMNSLIST
LOCSVZ-ISEG(NL)
LISTISTM(LOCSVYel)
LOS-ISTM(LOCSVeB)
KEY1=SV(LOSe2)
IF(KEY1.NE.O) GO TO 1
PRDIG1) =P(1)
RETURN 2

1 CONTINUE
P(1)=P(1)/14.696
SVILOS+5)=SVILISe5)
SVILOS»6) =P 1)
Q=a1T7380234SV LISy ID) 2SSV (LIS eS)1/SV(LISeE)
DP=211€.22%(P(1)-SVILIS,E))
DHP=-(0«DP/P(2))/ 33000,
DO 3 I-18+119
SVELOSI)ZSYLILISI)

3 CONTINUE
DKW =OHP/ 1341
PRD(S3)=DHP
PRO(C1ICC) -OKW
RETURN 2
END
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@l FOR PRELD
SUBROUT INE PRELD
INCLUDE CMMN, L IST
00 1 Jz1le5C
IZISERCY)
NLZJ
IF(I.E3.8) G0 T2 2
NAMEIZIBEQP(I)
INZMATCHINAME)
CALL PSULD(IN. )
CONTINUE
2 DO 3 Jz1e 50

SV(Je 231
2 CONTINUE

RTZTURN

END

L d
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al FOR PROCND
SUBROUTINE PROCND
INCLUDE CMMNOLIST
WRITE(E, 100)
CALL DATIME
WRITE(E&s 1) LABEL
WRITE(Gy 2)
WRITE(Gs 3) PRD(1)+PRD(2}PROLI)
WRITE(G, u4) PAD(4)» PRD(S)
WRITE(&y 5) PRD{E)ePRDI(T)
WRITE(Gs 7) PRD(E)»PRD(I)
WRITE(GEs 8} PRD(10)
WRITE(E6+81) PRD(ES)
WRITE(Es 93]
IF(PRD(T7S5) .NEeJ.) HWRITE(Gy 38)
NRITE(E, 9)
WRITE(6+10)
WRITE(E+11) PRD(11)sPROCU1I3IPRO(19}
WRITE(E+12) PRO(12),PRDLU1IUYPRDL20)
WRITE(Bs13) PRDI15)PRO{21)
WRITE(Es14) PRD(ES5)PRDOU1IGI»PRDL1 22}
WRITE(6915) PRD(EE1+PRDL1T )Y+ PRD(2Z23)
WRITEL(Esy16) PRD(18),PROL24)
WRITE(Es 161) PRD(TT)I+PRD(T1)
WRITE(6+s17) PRD125)+PRD(26)
WRITE(E+18)
WRITE(Es193) PRD(271+PRDO(28)
WRITE(&s 20)PRD(29)9 PRD(ET)
WRITE(E+21) PRO{(301PRDI3]1)
WRITE(Gy4D) PRD(EL)
WRITE(6+82)
WRITE(Es 43) PRDUE2)ePROIE3}IsPRDISY)
WRITE(Ee 23}
WRITE(Gs 24) PRD(32}+PRD(33)
WRITE(Ey 25)
WRITE(6+27)
WRITE(Gs28)
WRITE(6s29) PRD(34)+PRDO(U3I«PRD(S1)+PRDO(53)
WRITE(6s 30) PRO(35)+PRDLG4U)yPREIG6S)ePRDISY)
WRITE(Es, 31) PRDI3G)I+PRO(US)IPRO(SS)
WRITE(Es32) PRO(3T}I+PROLUG)I+PROISZ)PRO(SH)
I RITE(6+s 33 PRDU38)+PR) 47 .» >0 57
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VR TZI 6934 PRD 39),PRD(48 ¢ 220 53"
WRITE(E» 35) PRDI40OIPRDI4I)»PRDI59)
WRITE(Es 36) PRD{41),PRG(50)»PRO(E0)
WRITE(6937) PRDUL4L2)
1 FORMAT(1H+,T36:13A8)
2 FORMAT (35X *PROCESS CONDITICNS *)
3 FORMAT (SXs YFLUE GAS RATE Z°'F10.29*ACFM AT TFG =v51C.2, '0DEG. F AND
*PFG Z°6lD.3s *PSIAT) :
4 FORMAT (10X+*S02 ABSORBED Z='sGlTe3e "% e TUS5y "NO ABSORBED =Z'9s510.30°
*2°)
S FORMAT(10X»*S02 OXIOIZED =*vG10e3e T s TUSe *NO2 ABSCOREED Z*»H515.3e°
L2
7 FORMAT (/T 14s *LIMESTONE RATE =*9yGl043e * LBS/MIN Z*93510e30* % THEOR
sETICAL")
8 FORMAT(13Xe"LIMESTONE COMPOSITION =*9G10.39 *MOLES (MG)/MOLESICA+MG
s1*)
81 FORMAT(13Xs°*LIME RFEACTED IN BOILER ='9Gl10.3s *2°)
S FORMAT(10Xs*LIME HYDRATED®9»TYE,*SOLIDS DISSOLVED IN SCRUBBER?®)
10 FORMAT(13Xs*IN SYSTEM e TS8s"LA*TT1le °SF*)
11 FORMAT(20X+*CAD =9 5103029 T4Sy *CAIOH)IZ2 Z%+51030°%%92X9 51043, %
**)
12 FORMAT (20X s *MGO =9 Gl0e3e 22 eTUSe " MG(OHI2 951043 ¢ 2Xe G103y '

**)
12 FORMAT(13Xe*IN SCRUBBER®sTLS*CACDZ e GID 30Ty 2XeCl04Ty *2 )
14 FORMAT (20X *CAQ ='¢6G10a30 ' X s TUSy " MGCC3 S5 10e30 202X 510030 '
®*)
15 FORMAT (20X s *MGO =92 G10.30"2°sT 45y *MGSOU ' 5103072 %¢2X0 5104030 °2
®x*)
16 FORMAT (44X e *NA2C S Gl0e3e X' e2X0 Gl 3 "2 )
161 FORMAT C(uuxe*NACL Z% Gl0e3e " T e2Xe G1T430 *2 ")

17 FORMAT (13Xs*FLY ASH RATE =9 G510.3¢ *LES/MIN =" (G10.3s* L8BS Fa/LR SU
«LFUR IN COAL*)
18 FORMAT( 3Xs ‘EGUIPMENT PARAMETERS:*)

19 FORMAT(SX s *SOLIDS IN CLARIFIER BOTTOMS ="' oG1l0.3¢' WTaX CLARIF
«JER EFFICIENCY =*¢G10.3y *2 %)
20 FORMAT(SX,s *SOLIDS IN FILTER BOTTOMS =% Gl10.30 " WT % FILTER

. EFFICIENCY =°¢G10+3e'%")

21 FORMAT(SXs*TEMP, OF COOLED G-S STREAM ='+Cl0.3s *DEG F TEMP. OF RE
«HEATED STACK GAS ='¢G10.3s *DEC. F*)

23 FORMAT( 3X+°*INITIAL VALUES :°*)

24 FORMAT(10Xe*SCRUBBER FEED RATE = ' G10.3y *GPM H20 SF/ 100G ACFM FG
s-* Fl0.2¢* GPM H20*)

26 FORMAT(/3Xs* INPUT STREAM COMPOSITIONS :°)



=¢0T1-

27 FORMAT (7Xs "FLUE GAS *»T29¢ *LIMESTONE®+TS53s *FLY ASH"+T T74se *WATER MAK
*EyP*)

28 FORMAT (UX *COMP, MOLE 2°'T26s°COMP. AT % *eTUBe *COMP. W
*T X'+ TT74s *COMP., MG/L*)

29 FORMAT(6X e *°S02 =*+5G1C.3+T26y *CAQ % C10.3+TU 8y *NAZO 'y 5G10.3
*9T759°S03 ="¢G10.3)

30 FORMAT(BX 9 'C02 ='+G10a32T26s "M5G0 S*eG10.3sT48y *NACL % 510.3

*9T75¢°C03 =*G13G. 3)

31 FORMAT (6X 9 *NQ =9 G1043¢T2Cs *CACO3 =*e G105 Tu7s *INSOLUBLE *+TT75s *S
*04 =9 G10.3)

32 FORMAT (66X s *NO2 = 'eG1043¢T26s "MGCO3
9 T75¢ *NO3 =*+G1C.3)

*9 510439 T8 *FLY ASH =%+G10.3

33 FORMAT(EX e '02 =°9G10e3+T269 *CASO3 =% G10439T7E9*CA ='20G17.3)
34 FORMAT(BX s *CO =9 G10.3¢T26 *MESO3 Z°*eG1042+T759 "MG =Z'eG10.2)
3% FORMAT(6EX s "N2 =9 G510a3eT26y "CASOY ="¢ G109 T7Se *NA % 510.3)
36 FORMAT UGN e "HCL =9 51042¢T 26 "MGSOU =%+ G10a30TT7Se *CL =% G10.3)

37 FORMAT (66X *H20 =% G1l0.2v )

40 FORMAT(SXs *TI.D. FAN EXIT PPESSURE -'¢G10.3¢* PSIA®)

42 FORMAT (5Xs *UNIT PRESSURE LCSSES.PSIA®)

43 FORMAT(13Xe"COOLER =°+51043+T737s *SCRUBBER =*+510.3¢T62e *"REHEATER =
**3510.2)

98 FORMAT (1H¢s3Xs *NO*)

99 FORMATU(13X*PRECIPITATION ALLCWED IN SCRUBBER®)

100 FORMAT (1IH1)
RETURN
END
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eI FOR PROLOG ‘

YOM

* # »

SUBPROUT INE PROLOG
INCLUDE CMMN,LIST
THIS ROUT INE DECODES
THE PROCESS LOSIT AND
EXECUTES
P(1)=P(1)
L1:=0
I=C
Iz1+)
IFCISEQ(I).EG.G) RETURN
IF(I.EQ.LSRLLIL)) GO TOD 3
GO TO 4
L2:=0
L3=C
IF(TI.E0.LSRL(2)) L2=O
NEXNZISEQR(I)
NAMECZIDEQGP(NEXN)
NEINZMATCH(NAME)
NLZ-T
CALL PSULDI(NEINeNEXNM)
IF(IEQ.LERL(3).ANDLL 3.
IF(I.EQ.LERL(2)AND.L2.E
IF(I.EQ.LERLIL ) ANDLLY LE
GO TO 1
END

Q.3
B« 0)
Ge )

IzLSRLL3IY-)
IzLsSRLtzZy-~1
IT=LSRLIY-1
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@l FOR PROSIM
(T N R R R E R I R Y R R TS 1

C = THIS IS THE DRIV ING PROGRAM

]

C #5522 %3202 X RSR XX AR REREERRB2EER RS

INCLUDE LCMNsLIST
INCLUDE PHYSOsLIST

caLL
cattL
Catt
catt
carLtL
caLt
END

READIN
PRELD
PROCND
PROLJG
PTSUM
ARTHWRK
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2l FOR PSULD

(]

W~ N 2NN e

SUBROUTINE PSULD(IN,IX)
INCLUDE CMMNoL IST

5O 200 Iz1s8
PLI)=PA(IXeI)
CONTINUE

GO TGO (1o 293084e59S9 7089391 Tellel2e12)0 IN
CaLL FLUGAS{P,3130)
CALL STKGAS(Pss100)
CALL WTRMK2{Ps3100)
CALL FLTYRSM( Py 5100}
CaALL SCRUBR(Py»s1030)
CALL CLPHTR(P»31CC)
CALL FILTE=(Peys100)
CALL DIVDER(Py210D0)
CALL EQMIXR(Pe%1001
CALL EFHOLD(P,S1C2)
CALL PMPFAN(PyS15T)
CALL CLRFYR(Py3ICO)
CALL OVALMB(P,$100)
RETURN

END
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&¢I FOR PTSUM
SUBROUT INE PTSUM
INCLUDE CMMNsLIST
INCLUDE LCMNe«LIST
DIMENSTION THM(E) e TMGIE) s TMLIC)I s TMS(E) s WTIE) 2 WGIE)oWLIEDI I WSIE)oDI(6)e

*HT(S) o HG(E)» HLIB)e HS (B )y IPSV (6)

DIMENSION IFRMT(60E€)s IRRAY (I)

DAT A
DAT A
DAT A
DAT A
DAT A
DATA
DAT A
DAT A
DAT A
DAT A
DAT A
DAT A
DAT A
DAT A
DAT A
DAT A
DAT &
DAT A
DAT A
DAT A
DAT A
DAT A
DAT A
DAT A
DAT A
DAT &
DAT A
DAT A
DAT A
DAT &
DAT A
DAT A
DAT &
DAT &

LIFRMTILINIZ 1» 5)/3EHIL
(IFRMTUI)eIZ 7o 121/ 35HIL
{IFRMT(I)eI=- 13« 181/ 36HI
{IFRMT(I)sIZ 19y 24)/ 2GHA
(IFRMTII)sIZ- 2%s 3C)/ 36H!(
({IFRMT(Id»I=- ZT1s 36)735HHL
(IFRMT(TI)eI= 379 42)/36HL
(IFRMTUI)sI- 43, 48)/ 3€H(
(IFRMT(TI)eIz 49 54)/35H(
{IFRMTII)sI= S5y ECI/ 26HL
(IFRMT(I)sI=- 51 EE)/ 3ISHL
(IFMT(TI)eIz 670 721/ 36HI
(IFRMTUIVsIz 73s 7817 36HI
(IFAMT(I)eI=- 72s 84)/7 35H{
{IFRMTII)eI= &5¢ 20)/36HIL
{IFRMT(I)1:-595:600)/ 36H!I
(IFRMT(I)eI- 91y 95)/ 36HI
(IFRMT(TI)sI=- S7+102)/ 36HIL
(IFRMT(I)»I-103+138)/36H!
{IFRMTI{I)»IZ133e214)/ 35HL
(IFRMT(TI)+I2115+120)7 36HIL
(IFRMT(I)»IZ121e128)/36HI(
(IFRMT(INwIZ1279132)/ 26HI(
(IFRMT(I)»IZ133,1381)73c6HI
(IFRMT(TI)eTZ129s144)/7 36HT
(IFRMT(I)sIZ145S,y150)/ 35HI
(IFRMT(I)»IZ151+1561})/ 35HI
(IFRMT{I)sIZ157e162)/ 36HI
(IFRMTII)eIZ123+s1681)/ I6HL
(IFRMT(TI) s IZ159¢174)/ 36H(
(IFRMT(I)»I=175+183)/7 36HIL
(IFRMT(T)eIZ1%191851/7 26HI
(IFRMTIT)»IZ187+122)/ 36HL

FRY © )e = ©3,198)73614

4X e
4Xo
4Xe
4X »
X
X
4X o
4Xo
4Xe
4Xy
4X e
4X e
uxe
4X e
4X o
4X e
Xy
4X e
44X
4X e
4X v
4X e
4Xe
4Xo
4Xe
4Xe
4X e
X e
44X
4X e
4Xo
L3 &)
44X
4X e

® @ ® € @ @ & S @ B 6 « & © ¢ 9 @ S BV O B D B A & & & S 8 9 ¢ e 2 @

FLOW RATE

PRESSURE
ENTHALPY
SOLIDS

FLOW RATE

ENTHALPY

COMP
S62
coz
NO
NG2
02
co
N2
HCL
H20

FLOW RATE

ENTHALPY

cemMme
S02
Q2
S02
N20CS
CaAO
MGO
Na 20
HCL
H20

DENSITY

(G/SEC) -

(G-MOLE/SEC)
TEMPERATURE (DES. K)

(aTM)
(CaL/5EC)
(MT 2
(G/SELC)

(G-MCLE/SED)

(CaL/SEC)

(G-MOLES/SEC)

(5/5EC)
(G
(CAL/SEC)

.
L]
e
L
.
L]

L)
.
L)
.
’
.
1]
.
L]

st/
60/
B0/
e/
vG L/
vEL/
e&0/
s6(/
v/
v5(/
s6(/
e 5L/
G/
e 50/
vt/
vE(/
v S/
60/
vc(/
v6(/

-MCLES/SFZ)®e 50/

s 5(/

(G-MOLES/SEC) e U/

(G/7ML AT T}

ICNIC =TRENGT!

*
°
*
L]
.

vE(/
L/
50/
v 50/
e S50/
e/
e/
v 60/
v 61/
e/
e/
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DATA
DAT A
DAT A
DAt A
DAT &
paAT A
DAT A
oara
DAT A
CAT A
DAT A
OAT A
DaAT A
DaT A
DAaT A
DaTa
DAaT 4
DAT A
DAT A
DAT &
Dat a
DAT 4
DAT A
DAt a
DAT A
DAT A
DarT a-
DaT A
DaAT A
DAT A
DAT &4
DAT A
pav a
DaT A
Dat A
DAT &
DAT A
DAT A
DaT A
DaT A
DaT A
DAT &
DaT A

(IFRM" I)e .= 92y224)/35HI
(IFRMT(T) 12205021017 36K
(IFRMTII)»TI22119216)/7 36H(
(IFRMT(XI)sI1:2217222)/3€H(
{IFRMT(I)eI=222+228)/ 3EH!
CIFRMT(TI)e 1222 234)/ 3641
{IFRMTII)eIZ23Se243)/ TCHL
(IFRMT(TIYeTIz241e248)/ 36HI
(IFRMT(I)eIz247+252)7 36HIL
(IFRMT(UI)1I=252,258)/ 36HI
{IFRMT(I)»Iz252¢264)/ I6HIL
{IFRMT(I)e1:226%y27C)7 36HI
(IFRMT(I)eIZ2719 276}/ 36HI
(IFRMT(T)eIZ277e282)7 2EHL
(IFRMT(I)eIZ2E839288)/7 3EH!L
(IFIMT(I)sI2283+234)/ 36HI
(IFRMT(I)eIz295y 2001/ 2GHIL
(IFRMT(I)sI=301s 3C5)7 35HL
{IFRMT{I)eIZ3037s212)/7 25HL
(IFRMT(I)eI=313s 31807 26HI
(IFRMT(I)eX=319 324)/ 36HI
(IFRMT(UTI)eIZ325s 33017 ICHL
(IFRMT(TI)s1I=331e 372217 26HI
(IFRMTI{I)eI=32T7s3u2)/3EHL
(IFRMT(I)eI=364303481/725HL
(IFRMT(I)eIZ343y354)/ 26HIL
(IFRMY(TI)eI=35Ss 3601/ 35HI
(IFAMT(I)sIZ361s 362 )/ 3SHL
(IFRMTOIN L1357 3721/ 25HL
(IFRMT(I)eIZ2373¢378)/36HIL
(IFRMT(I)eIZ379s 384)/ 26HI
(IFRMT(IYeI=3REs 3901/ 3GHIL
{IFRMT(I)eI=321s 326}/ I6HI
(TFRMT(1)+12337,4021/7 36HL
(IFRMT(I)eI:-433,408})/36H(
(IFRMT(TI)eIz-4C3s 4141/ 35HI
{IFRIMT(T)»I-u15,420)/ 36HL
{IFRMT(TI)oI-UZ1v 426}/ 36HI
(IFRMTLI)eIzU27¢432)7 3EHI
(IFPMT{I)eI=-Uu33+438)/7 36HI
(IFRMTII)eIZU433s4u84)/735HIL
(IFRMT(I)sI-uf85.,450)/ 35HI(
(IFRMT(I)eIZU4=1s455)/7 36H(

4X e
4X v
4X o
4X e
Uxo
4%
4Xe
4Xe
4Xo
4X
4Xo
X
4X e
4X
LY &
uxe
4X
4X
4Xy
4X
4X e
4X
4X e
4X
44Xy
UX e
X
4Xe
4X»
4x o
4Xy
4X e
UXo
L% &
4X o
4X s
4X e
Yxe
4X e
LY &)
4Xe
44X
4X e

PH ‘e (/
LIG. HZ20 RATE (KG/SEC) 95/
He ty (/7
OH- e/
HSGCZ- *y6(/
S03: et/
504: *e(/
HCGX- ‘e (7
Co3: ‘v 50/
NOZ- et/
HSGu-~ ‘e (/
H2S03(L) ‘e (/
H2CO (L) ‘e L/
CA++ e/
CAQH+ ‘o l/
CASD (L) *ec(/
CACO3(L) ey (/
CAHCC3+) ‘v 510/
CASQ4(L) ‘e(/
CANOQO 3+ v/
MG++ ‘e (/
MGOH + e (/
MGSO3(L) e (/
MGHC O3+ *v5(/
MGSO4tL) *v6l/
MGCO2(L) *e5(/
Na+ *ec(/
NACH (L) ‘e(/
NACO 3= o5/
NAHCO3 (L) *ecl/
NAS 04~ e/
NANO 3~ R ¥4
CL- e/
FLOW RATE (G/5EC) ‘e (/
(G-MCLES/SEC) e R0/
ENTHALPY (CAL/SEC) ‘o5l /
cagQ *e6t/
caA(CHY 2 ‘s 5t/
cacCoz *eE(/
CASO2 *e(/
CASC3s1/2H20 v l/
Cas Oy ‘v l/
CASQuU%2H20 e/
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ODEF INE

£ W N -

DAT A
DAT A
DAT A
DAT A
DAT A
DAT &
DAT &
DAT A
DAT A
pata
DAT A
DAT A
DAT A
DAT A
DAT A
DAT A
DAT A
DAT A
DAT A
DAT A
DAT A
DAT A
DAT A
DAT A
DAT A

(IFRMT(I) s I-45T7e462)/ 36HI
(IFRMT(I)sICHE T2 468}/ 36H!L
(IFRMT(I)eI-4E2e474)/ 26HL
(IFRMT(I)»Iz4755480)/ 3CHIL
(IFRMT{I)»T2481+v486)/ 26HL
(IFRMT(I)»I-487+492)/ 3GHIL
CIFRMT(I)»I-493y498)/ 26HL
(IFRMT(I)sIz422 504)/ 36HI
(IFRMT(I)+I=50%9y510)/ I5HL
(IFRMTIINsI=S1195161)/ T6HI
{IFRMT(I)»I2517¢522)/36HI
(IFRMTII)»I=-523+528)/36HI
(IFRMTITI)»I=523¢534)/35HI
(IFRMTIUI)»I=25354540)/7 26HI
(IFRMTITI)»I=S581e588)/ 3SHI
{IFRMT(I)eI=S4T7+¢552)/ 36HY
(IFRMTII)»I:553+4558)7 T6HIL
(IFRMY{T)+I=559+564)/ I6HL
(IFRMT(I)eI=SESsS57C)/36HIL
(IFRMT(I)vI=S571+576)/ 26HIL
(IFRMTITI)eI=S577¢582)/ 36HI
(IFAMT(I)I-583e5881)/ 36HI
(IFRMT(TI) 125899 594)/ 36HL
(IFRMT(I)eI-601+606)/736HI

4X
UXo
44X

4Xe

94X
4X e
LY &1
4
4Xe
UXe
X
4X e
4Xe
4Xe
UXo
4X»
LY &)
44X
LY &
4X e
4x
4Xe
4%
4Xe

L]
.
.
L
.
L]
L}
.
.
L]
L
*
L
*
*
*
L 4
.
.
*
A
.
L
v

(IRRAY{I)»I=Tv8)/12H2X»G10.5))

CEUz60.7453.6

Is:1
IC=0

DO 1 TJ=IS.25
IF(SV{TJeS).EQ.0.) GO TO }
ICZICe1

IPSV(IC)C-IJ

IF(IC.EQ.H)

GO TO 2

CONTINUE
CONTINUE
ISzide+l

OL(T) = 4.938935282
+.4872661CE-4
-« T410S5074F-F
+.41079583E-7
-«13370708E-1°

MGO *sy61(/
MG(OH) 2 e/
MGCO3 *v6(/
MGCO2*3IHZ20 ‘e l/
MGCO3+5H20 *v0(/
MGSC3 ‘e L/
MGS03+3H20 ‘e (/
MGS03#*6H20 *sEL/
MGSO4 *+ 5L/
Na20 e G/
INSOLUBLE FLY ASH *eGL/
NACL ‘v 5L/
TOT FLOW RATE (LBS/MIN)*esl/
(LB-MOLES/MIN)*»E(/

CAS FLOW RATE (LBS/MIN)*sol/
(LB-MOCLES/MIN) v (/

(ACFM) MR

LIS FLOW RATE (LBS/MIN)*.EB(/
(LB-MOLES/MIN)*sS(/

{1500 LBS H20/MIN)Y*e5 L/

LIS DENSITY (LBS/GALRT)'+6(/
SOL FLOW RATE (LEBS/MIN)*»6(/

*O# ® »

(LB8-MOLES/MIN) e G/
(GAL/MIN)Y*eo(/

(1-273.1%)

(T-273.151%22
{7T-273.16)%%3
(T-273.16)s%4
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(@]

DO 4 I=z1.IC

SUMzQC.

LSvzIPSVII)

DO 5 J=1e9
JGz1G+J

SUMZSUM+SY (LSVeJG) s XMW (J)
WG(I)zSUM

CALL DHG(LSVsDH)
HG(I)=DH
TMG(I)ZSVILSVy 10)
CALL TOLISP(LSV)
SuM:=go.

CO 15 JT=31y 39
SUMZSUM+SY (LSVeJT)
TMLA{TI)ZSUM

WLEI)ZSVILSV e 31)aXMW (1) +SVILSVe32)#X MU {2)+SVILSV e 32) «XMW (Su)+SVILS
2Ve34) s (XMW ISS)+XMW (B ) SV LSV e Z5)xXMA (21 )¢SV ILSV o3& ) XMW (28)+SV (LS

Vo 3T7 ) eXMWI27)+SVILSVe3E)#XMU(38) +SVILSVs 332X MW (5T)
CALL DHL(LSVDH)
HL(I)=DH

SUM:z=Q

D0 7 J=S1.81
SUMISUM+SV LSV J)sX MU ()
DII)-DLISVILSVeS5))=(1.+4SUM/10CC0.)
IF(SVILSY+S0)1.EQ.Q.) D(I)=C.

SuMz=Q.

SuM1:z=0.

00 8 JZ1.18

JSzZ100+J

JW=20+J
SUMZSUM+XMUWUJW)eSV LSV JS)
SUM1IZSUM]+SV(LSVeJS)
CONTINUE

WS(I)=SUM

TMS(I)zSUMl
WT(IIZWS(I)eUL(T) WS (T)
SVILSVe10C)IZ1CC»WSE(I)/UWT (D)
TMCIN=TMGUOTIY+TML(I)+TMSU(])
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100

131

110

102

103

3

CALL DHS(LSV.DH)
HS(I)=DH

HTCI)ZHGUI)+ HL(T)+HS (1)
CONTINUE

WRITE(E, 100

FORMAT(1H1)

CALL DATIME

WRITE(6+1C1) LABEL

FORMAT (1H+e45X ¢v13A6)
WRITE(Ge11C) (IPSV(TI)eIz1s1IC)

FORMAT (44X °STREAM NUMBER "y 18X»E(12,10X))

WRITE(Es 102)

FORMAT (4X o *TOTAL STREAMY)
CALL MOVE(1)

WRITE(Gs IRRAY) (WT(I)eI=1yIC)
CALL MOVE(T) -
WRITE(Gsy IRRAY) (TM(I)s Izl IC)
CALL PLINE(S5¢13)

CALL PLINE(Es19)

CALL MCVE(2%)

WRITE(Ey IRRAY) (HT(I)eI=1sT1C)
CALL PLINE(1Q00+31)
WRITE(Gs103)

FORMAT (/4X s *GAS PHASE®)

CALL MOVE(37)

WRITE(E,IRRAY) (WG(I)sI=1sIC)
CALL MOVE(43)

WRITE(EsIRRAY) (TMGU(INeIc1+1C)
CALL MOVE(49)

WRITE(Gs IRRAY) (HG(I)eI=1y IC)
CALL MOVE(5S)

WRITE(Gs IRRAY)

LES=61

DO 9 I=11.15

CALL PLINE(ISLES)

LES-LES+6

CALL PLINE(16y595)

DO 18 I=-17+19

CALL PLINE(IJLES)

.ES= .ES+6
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10

11

105

12

106

VRITE(GEY T4
FORMAT(/7u4Xe*LIQUID PHASE *)
caLL MOVE(1C9)

WRITE(EsIRRAY) (WLI(T)eIzZ1e1If)
catlL MOVE(L11S)

WRITE(Gy IRRAY)Y (TMLI(I)eIZ1+1C)
CatlL MOVE(1Z))

WRITE(G»IRRAY) (HL(I)eT=1leICH
CAalLL MOVE(LIZ2T)

WRITE(Sy IRRAY)

LES =132

00 10 Iz31+39¢

CALL PLINE(IWLES)

LESCZLES+6

CALL MOVE(187)

WRITE(G6yIRRAY) (D(I)eIZ11IC0)
CaLL PLINC(48s192)

CalLlL PLINE(uS,199)

CALL DATIME

WRITE(E,y101) LASEL
WRITE(Es110) (IPSVITI)eIZ1e1IC)
00 11 Iz1le€

LSvz=IPSY(I)

SVILSVe S0 ZSVILSV.S3Y/71C3J.
CaLL PLINE(50.205)
WRITE(E,»105)

FORMAT (UuX e * COMP (G-MOLCS/KS HZ20)'}
LES=Z211

D0 12 1z=51.81

CaLL PLINE(ISZLES)

LESCZLES+S

WRITE(EY106)
FORMAT (/74X *SOLID PHASE")
Cal.LL MOVE(2S7)

WRITE(Es IRRAY) (WS (I)eIz1y»IC)
CALL MOVE(432)

WRITE(GsIRRAY) (TMS(I)eTIz1s1IC)
CALL MCVEI(4CSI)

WRITE(Gy IRRAY) (HS(I)eIz-1leIC)
WRITE(E.100)

CALL DATIME

WRITE(Gs101) LABEL
WRITE(EY110) VIPSVIT)eIz1,s1IC)
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107

12

108

14

16

17

WRITEL6,107)
FORMAT (4X 4 °* C
LESz415

DO 13 Iz101»119

OMP (G-MOLES/SEC) *)

CatL PLINE(I+LES)

LESZLES +6
WRITE(Ge108)

FORMAT (/74X ¢ *SUMMARY IN ENGINEERING UNITS *)

DO 14 IZ1ls6

WT(I)=CEUsWT(I)
WGC(I)ZCEUsWG(I)
WLCI)=CEU=WL(I)
WSCI)=CEU=WS(I)
TMUI)=CEU*=TMLII)
TMG(I)-CEU*TMG
TMLCOI)=CEU*TML (
TMS(I)=CEU*TMS(
D(I)=8.345+D(1I)
LSVZIPSV(I)

1)
I)
1)

SVILSVsSO)=CEU*SVILSV» SO)

CaALL MOVE(S529)
WRITE(E+ IRRAY)
CALL MOVE(535)
WRITE(Gs IRRAY)
CALL MOVE(S41)
WRITE(Es IRRAY)
CALL MOVE(S4T)
WRITE(Gs IRRAY)
DO 16 I=1.1IC
TMGLI)Z(TMG(TI)Y/
CaALL MOVE(S53)
WRITE(Gs IRRAY)
CALL MQOVE(EE9)
WRITE(6e IRRAY)
CALL MOVEL(5€3)
WRITE(Es IRRAY)

(WT(T)e IZ1s IC

(TM(T)e I 1e IC)

(WG (I)eIz-1e IC)

{TMG{I)sIzZ1s1IC)

273.16)1%(SV{Te5)/SVIIe6))2353.D

(TMGEI)»I=1,1IC)

(WL(TI)eIZ1s1IC)

(TML(I)eIZ1.1C)

CaLL PLINE(SQsS5T71)

0O 17 Izl IC
LSVZIPSYV(I)
SVILSV.S0) 21000

«*SVILSVeSCI/ (8.345+DL ISV (LSV5)))

CALL PLINE(50+8501)

CALL MOVE(S7TT)
IRT "I 3+ IRRAY)

(0(T)e Iz »IC)
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[a¥]

o
[}

catt MOVE(S523)

HRITE(ELIRRAY) (WS(I)sIZ]yTO)
CALL MOVE(533)

WRITE(Gy IRRAY) (TMSULI)eIZ1leIC)
IF(IS.GE.28) RETURNM

GO 10 2

SUBROUTINE PLINE(LOC.IFQ)

DIMENSION TP(5)
L1zIPSVI(l)
Lt2z1IpPSVI(2)
L3=IPSV(2)
LE-IPSV(4)
LSZIPSVI(S)
LIPSV IR)
TP(1)zSVIL1LCO)
TPL2)z=SVIL2+LOC)
TPL3)zSVILIYLOO)
TPLU)ZSVY L& LOC)
TPLSIZSVILSLOO)
TP(E)zZSVILEYLOC)
ISGNC-IFR+1
JENDZIFR+S
WRITE(E+200) (IFRMT LIV IZIASNe IEND ) (TPII)eI=1+TC)

} FORMAT(UX s 4060 B206(2X9510.5))

RETURN

SUBROUT INE MOVE(IFR)
DO 30 NzZ1s6
LNEZIFR+(N-1)
IRRAYINYC-IFRMT (LNE) -
PETURN

END
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I ESEEZZEEERES RS R E R ERIRE S £

N READS INPUT DATA .

IR RS 2RSSR A EER RS RERE RS ERR S S
SUBROUTINE READIN
INCLUDE CMMN.LIST
DIMENSION NS(10)
DIMENSION IDO(80)
DIMENSION PTEMP(8)

DO N

PL1)ZP(1)
IORD=C1
1C GO TC (1e2¢394e5)e TIORD
IR RN RS 2T
C = RUN T.D. =
Crrasrrts ekt ss
1 READ(S,10C) LASEL
WRITE(Es 2CO)
WRITE(E,201) LABEL
WRITE(E:s202)

I0RD=2

G0 Y0 10
C EEX KR LA SEER XL R E N R KRS Rk K K &
C = PROCESS ARRAY *

C 28223583200k sX BT kX Nk
2 READ(Se101+ERRZ1SsENDZ11) NUMyNAME NS
IDEQP (NUM) =NAME
CALL ORDERINS+NTI+N2)
DO 7 1z1+1C
7 ISTMINUMs TIZNSH(T)
TNUM .
WRITE(Ge203) I+ICERC(I)y (ISTM(IvJ)sJ=ZleN])
IF(NO.EQ.G) GO TO 17
NOPZS+NO
WRITE(Es204) {ISTM(IvJ)leJdzEeNOP)
0 T0 10
11 INRDC-IORD+1
G0 70 10
C 22323502 2R X RXL LA SRS RER XA XA ICFRBEEER
C = ORDER OF PROCESS CALCULATIONS =

C 2252852228504 XX XX XS X EP XXX ERIRERE KD
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2

-

12

17

REBD S5¢102 1IDC

IC:-)

LW=C

LE=QO

NLPZ1

NRPZ1

LERZD

NSELPZ-C

DO 3 I=1+8C
IFCIDO(I)LLEL3TB) GO TG 8
IF(IDO(T)ER.5183) GO0 TC 9
TECIDNCINLERLUCR)Y G0 TO 15
IF(IDO(I)«ED.568) 50 TL 12
IFLICO(TINLER.5C8) &2 T2 13
NSRLPZC

L¥z-liw+1
NCoNC+(IDO(IN)-608)*10*x(2-LW)
G0 TO 8

NCZNC/10x=(2-LW)

ISEQUICY=NC

NC=0

LW=C

IC-IC+]

IF(LE.EG.1) K0 TO 14
IF(LERL.EG.1) GO TO 17

50 T0 &8

LEZQ

GC 10 12

IF(NSLRP.EQG.1) G0 TD 17
LERZ1

NSLRPZ1

50 10 12

LSPRLINLP)ICZIC+]

NLPZNLP+}

NSRP=0

G0 TO 12

NRPZNLP-NRP=-NSRP
LERLI(NRP)ZIC-1

NSRPZNSRP+]

NRPZ1

LERZ=D

CONTINUE

CONTINUE

NOK NUMERIC
(

) )RR

)
’
»
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[ Ne]

(e NeNe]

18

4

WRITE(E, 205) IDO

DC 18 I=1.3

IB=LSRLI(I)

IECLERL(I)

IF(IB«GT.0) WRITEL(ESZ208) ISEGIIB)YISEQULIE)
CONTINUE

IORD=IORD+1

GO TC 10

CONTINUE

RS R RERE SRR R RS R ERS TR RS ERE RS SRR

*

EQUIPMENT PARAMETERS »

(222 R 2 RS RS EEERARI AR SRR ERS RS

20

19

READ (5+103+ERRZ1Se ENDZ1S) NUMePTEMP
DO 20 Iz=l.8

PAINUMe I)ZPTEMPI(T)

CONTINUE

GO 10 10

TORD-IORD+1

60 TG 10

CONTINUE

RETURN

LR R A R Z N EREE RS EENEEEREZERER S S

%

FORMATS *

IR 2SR RS E RS RE RS R EER EREE S

100G
101
152
1032
200
201
202

253
234
2GS
206

185

FORMAT (12A6)

FORMAT(I2¢2XeAEe1CIT)

FORMAT (80R1)

FORMAT(IZ2¢F8.397F13.3)

FORMAT (1H1)

FORMAT(1S5X+13246)

FORMAT (4S5Xs °*PROCESS DESCRIPTICN®'// 1Xo» *EQUP . NG9 10Xy *EQUIP.

«NAME *y 10X s *INPUT STQEAMS CUTPUT STREANMS */)

FORMAT (UX» ISe 1 TX e AB e 2XvSI5)

FORMAT(1H++S7X+S15)

FORMAT (/740X *ORDER 0OF PROCESS CALTULATIONS *o/ 15X 20R1)
FORMAT (/20Xs °*RECYCLE LCOP FROM®* 95X s IS5e5Xe *TGeSX oIS
RETURN

END
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al FOR

C

£ AN -

SCRUBR
SUBROUT INZ SCRUBGR(P,3)
INCLUDE CHMMN.L IST

DIMENSION XDSFUU1S)eXOLA(13 Vo WSFI1I3)eTWEF () FP(2) » INLA(I)
* e DNSFIQ) e WLACLIS) o TWLALQ) o XLH(2)

DIMENSICN TEMP(12)
DEFINE oL(T)

LOCSYVIISEQ(NL)
LIS1-TISTM(LOCSVY: 1)

LIS 2-ISTM(LOCSYe2)

LOS I1-ISTM(LOCSVsE)

LOS 2=ISTM(LOCSV, 7)

KEY 1=SVILOS2+2)
IF(KEY1.NELC) GO TO 1
LSR=P(1)

SFz=P(2)

PRD(3II)=SF
PRO(3I2)ZINCO=*SF/PRDI D)
NSzP(3)

PRD(T7S)=NS

XLH(1)=P(4)
XLH(2)=P(5)
PRDIES)IZID0=XL H(])
PRAD(ES)=100«XLHIZ2)
SF-{uS3.6%8.27/60s12SF
SVILIS 2y S50)=SF

SVILCOS 2y 50)=SF

10PTZ2
WNESZD
INIT=C
YMXZ-2,202
YMN=-20.
XMXzZC.
XMN=SF
IC:=1
IL=0
ISF:-G
RETURN 2

+.999352¢82

+.U467225150-4
-« 74105074L-°
+e410725828-7
-«133707C2E-9

# & & #

(T-272.151}

(T-273.15)%%2
(T-273.12) %23
(T-272.15)=»y



C
c
1
=
=
oo
]
c
C

1

14

12

10

230

CONTINUE

TAS=SV(LOS1s5)

SVILOS2¢5)=TAS

IFLISF.EQ.1) GO TO 14
SFz(453.6%8.345=0L (TAS)/60.)2P(2)
CONTINUE '
TEZ2sSF-SVI(LIS2, 50}

TEZTE/SF

IF(ABS(1-TE).LT..005) 0 TO 2
SVILIS2,50)=SFaTE

RETURN 2

CONTINUE

CALL XSODISI{NS+XSDsXDSF)
CALL DNTSFALIS2+XDSF+ONSF +WSFaTUWSF)
CALL XSODISINS+XLDeXDL M)

CALL ONTLA(LISIsXLHoXDLAONLASWLAYTHLA)

Lo 3 JUtle9

Iz320+J4

SVILOS2s IYZONSFUJ)+DNLACI) *DNAT( J)
CONTINUE
SVILOS2¢391zSVI(LOS2¢39)-WV

TC02=SVIL0S2+32)
PPE2)(SVILOS1+12)/SVILOSL1e10))«SV(LOS1e8)
PSO =(SVILOS1s11)/SVILOS1+10))«SVILOS1e5)

PSOL=-LCG(PSO)

DO 12 JTc1lele

JSZJT+100

SVILOS2+sJS)ITEMP(UT )

CONTINUE

IFCINIT.NE.O) GO TO 10
XWSzZPP(2)

CALL INTIT(LOS2y IOPTsXUSePWNES)
INITZ]

CONTINUE

CALL EQUILBILOSZ2+I0PTTASyPPIyWNESeNS)

WRITE(6,20D)

FORMAT( 4OXe“*SCRUSSER 30TTOMS *)
TEP=ABS((PSO-PP11}))/PSO)
IRITE(Es )
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403 TORMA(/43Xs °*CONVEQGENCE PARAME ERS'//
WRITE(6+401) PSOeXSR
401 FORMAT (20Xes °*DESIRED PSO02 =*91PE12«50 10Xy *SR/SF Z* 1PE12.57)
WRITE(E¢402) TCN2eXA(2)
402 FORMAT(20Xs °*DESIRED TOTe £02 ' 1PE12+45910%e *XA(COZ) =% 1PE12.5)
IF(TEPLT.1.E-3) GO TO 5
XSR=SVILSRyS0D)
IF(XSReEQeDe e AND PP (1) .LT.PSO) ISF=1
IF(ISF.EG.1) XSR=SF
PYZLOG(PP(1))
CALL CONVSO(XSRsXMXeXMNePY ¢ YMXsYMNePSOLs IC)
IF(ISF.NEL1) SVILSReS55)=XSP
IF(ISF.NE.1) GO 70O 11
SFzXSR
SVILIS2950)=SF
11 CONTINUE
GO TO 8
5 L2:=1
IC=0
TECZ(TCO2-SVILOS2¢32))/7(SVILIS1,101)+SVILIS1+108))
IF(ABSI(TEC).LT.5.E-4) GO TO ¢
CALL CONVCO(XA(2)sTCO2¢SVILOS2932)sSVILISLIe1Z)eIL)
IL=1
GO TO 8
L1zl
SV(LOS2¢50)=100CsSVILOS2:50)
DO 13 IT=1.19
JSzIT+106
TEMP(IT)=SVI(LOS2¢JS)
13 CONTINUE
SVILOS2+101)=0.
SV(LOS2+108)=0.
SVELOS2e116)=0.
SVELOS2+117)=0.
SV(LOS2+119)=0.
IF(TAS.LT.373.16) SV(LOS2¢110)=0.

w1\

DO 6 Jz1s19

IZ1C0+J

I=I

CIF(NS.NE.CO) SVILOS2.1)20.

CSVILOS2eI)=SVILOS2e T)+WSFLU)+WLALY)
¢ CONTINUE



=021~

SVILCS2¢118) =SV (LIS 1e118)+SVILIS2,118)
D0 7 J=1+9

I-30+J

SVILOS2¢ 11 =SVILOSZ2ey I)«TWSFEJ)+TWLALY)
CONTINUE

CALL SVODMP

CALL EXIT

RETURN 2

END
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al fFO

100
1G1
102

103

R SOLNEQ
SUBROUTINE SOLNEGIX s NSeCMePPeTKe IOPT)
COMMON /LIMS/NFeNT
COMMON /TRFR/TMWIWACT »PHeA?Z
COMMON/TEMPER/ AC+BCs CPK{2) s NHY (5) 0 WS L1T)
COMMON ZACOEF/GLN(EDI e OGLNU(SCYe T2 F 1]
COMMON/FUNC/ FIS0)s CKIS5C)«CTL1D)
COMMON /PPRESS/PK(2)eLIolL2sL2ZoL4sREN
COMMON /NEW/ IVISD) TELSO)e CLeTHILL)
EXTERNAL EQSsPARTL
DOUSLE PRECISION FolKoCToXLNsTH
DIMENSION XC1)sCMU1I1)oLB(100)ePPI2)eXLNIS0)swTS(10)

DATA ICMEL/C27&777S576T4/ICMV I/ 0277738687371 /ICME2/G3TE625%373107/
1ICMV2/702152773167217/ICME3/0373576T7eR¥T13/ICMY /02775766 TTEST/ICMEYY
203€737777327 1/ ICMVL/C1 7777577677/ ICMES/G3ISTTITITOCO3T/7ICMY /0337777
I00017T77/1ICMES/ Q337740077777 ICMVE/CITUOCTTTTTITT/ ICHE 7702770777777
47/7ICMYT/O0C3ITTITTTITTITTY

DATA (LS{TI)eIz1a74)/7 'H+ Te? e *OH- Ve Ty *HSTO3I- Yy
1 *9 *SO3-= %, e 'SOlU—= Ty?* %y *HLO3- 'y *y°CO3
Zem 00 ', 'NO3- v, Yy CHSOL- vy 0 vy THZSO3 Yo
3%y *HZCOZ vy ‘ bR o T T A Yo *CEDH+ % ?*
a M v
4CAS 023 *y*CACOZ e Y2 LAHCOZ Yy *+ * o *CASOG *y*

5 *y *CANDZ+ "y * *e*CACO3( "% 'S Ty Y*CAS DL Y, S ) tetCASOI(
C' 'S} *e*CA(OH) " *2(5) *y TMG 44 e * Te*MGGH+
5% ¢ e *MGS03 Yy * Ty *MGHCO 2y '+ Ty "MGSTG % Tyt
TMGCO3Z *s°* Ty *MGIOH) % *2(S) Ty *MGCO3( % *S) T,

D *NA+ e * Ty *NAOH Ty * *y*NACOZ-""*

8 *e *NAHCO3 " * Ty *NASQOU~ %y * Yo "NANDOZ *y° Ty 'CL-
Gy v/

DATA (WTS(I)eIZ1s3)/606,065904.0119 AC.0CE6+v108.016956.08+80,72961.98
*2+36.4€5+118.01¢/
DATA LB(7S)/ IMGSO3E*/LE(TG)/ 'S </

DEFINE G(I)ZEXPIGLN(I})

FORMAT(1H1)

FORMAT (/7 38X+ " AQUEQUS SOLUTION EQUILISRIA /)

FORMAT 15Xy *COMPONENT MOLALITY ACTIVITY
1 o *ACTIVITY COEFFICIENT®)

FORMAT (15X s ABs A4 1PE1S5.3+64Xe 1PE15.301PE18 2)



104 FORMAT (1Xe/15Xe* PH = *oF10.3e10Xe*TONTC STRENGTH = '+ 1PE10.5e
110Xe* RES. EuNo = *¢1PE1D0.2)

105 FORMAT(u2Xs * INPUT MOLES*/)

106 FORMAT (U4X e *SC3 =*e1PE105¢UXe "NZOS el PEL0 504Xy *CAC =*91PELIC.S

1s 48X *MGD ZVe 1PE 10 .S74Xe "NAZ2O ' 1PEL1CSelXy
2 YHCL ="+ 1PE10.5elYy *H20 ='elPE15.5)
137 FORMAT (15X " H20 T 3uXs 1PEL18.3)
108 FORMAT (U4X 4 *°S03 =9 1PE10.59UXs *N2OS =9 1PEL10.SelXye "CAS =%y 1PE10.5
le X TMGD 2 1PE10.5/74Xe "NA2C Z*¢1PE1D.Se4X,y
2 *HCL  =*»1PE1G.S)

10% FORMAT(1H+sy 70X+ *TEMPERATURE*+F10.3¢e* DES. C*)

111 FORMAT(4Xs °SCG2 ='9¢1PE1C.S)

112 FORMAT(4Xs*C0O02 ='e1PE13.3)

113 FORMAT (UXe *'PS02 2 1PE1D5e2Xs *ATM,*)

114 FORMAT (U4X s *PCO2 =*¢ IPEIG.Se2Xs *ATM.*)

11 FORMAT(/ 38X+ *MOLECULAR WJATER = *9lPE1Je50* KG3S. ')

116 FORMAT (1H+s4UX "2 WT e SOLINS = *41PE1C.Set4Xy *WTe NEG SOLIDS = *
116*1PE1G.5)

117 FORMAT (40X *MIOLES TOTAL RATER = *» 1PE1C.S)

118 FORMAT (1H+T 8y *SPECIFIED")

20C FORMAT (1Xe "NG. FUNCTIONS *9I5y 10Xe *NO. VARTABLES *oI°F)

C 4525055004250 %25 SR XS ARERKNNEENES

C » INITIALIZATION OF 20UTINE .
'l_l C LRSS R EE RS RS R E R RS RS R I RS RS R R R REES A RREER S E]
N EPS-1.E-4

i L1=&AND(IOPTs 1)

L2ZAND(IOPT, 2)
L3IZAND(IOPT,4)
L4-AND(IOPT» §)
IFINS.EQ.O0) GO TG 20
IEG=3777637037778
IVNZ3747703777778
GO T0 21

20 CONTINUE
IEQ=3777777777778
IVNZ3T777777777778

21 CONTINUE

cL-CM(8)

IXsoz)

IXMGz]
C FAEERSEEXBEBE A BX LR RS E B XL R LXK XXX E LR AL AR SR SR AR XA KX ST ERER XS EEEE EF XN
C » DETERMINE WHICH FUNCTTONS AND VORIABLES ARE NEIEDED *
C I EE R B L RS RS R R R R RS AR AR R R 2 R N E N E E E R P R R A R N I S N IS E RS EENY ]




XA A

Y

=13

57

58

45

IF(CM(1).NE.O.DO.OR
ICG-ANDC(IEGy ICMELD)
TUNZANDIIVNy ICMV 1)
IXS0:-0Q
TF(CM(2) e NEaDeDalR
TEQ-AND(IEQs ICME2)
IVNZAND(IVN, ICMV2)
IF(CM(3).NELDG.) GO
IFG-AND(IEQY ICMED)
IVNZAND{IVNe ICMV 3)
IF(CMIY).NE.D) GO
ISG-AND(IERe ICMEL)
IVNZANDUIIVN, ICMVE)
IF(CM(S).NE.Ge) GO
JEQ-ANDIIEGy ICMES)
IVNZANDCIVN, ICMYS)
IF(CMIE) . NELLia) GO
IEC-AND(IEGYy ICMER)
IVNZAND(IVN. ICMVZ)
IXMG:=0
IF(CM(7).NE.OL) GO
JEG-ANDI(IERQs TICMET)
IVNZAMD(IVN, ICMVT)
IFLCMU{B).NE.T.) GO
CL:]. OE-ZE‘

CONTINUE

DO 6 I=3.7
IF(CM(TIYNELDL) CT
CONTINUE

NFco1

NVZ1

ICK=1

DO 59 Iz2e3f
ICEZaAND(ICKy IED)
IF(ICE.EG.C) GO TO
NFZNF e}

TIE(NF) =Y
ICV-AND(ICK,y IVN)
IF(CICV.EQL.C) GO TO
NVZ-NV +]

IVINVYCZT

«PP (1) NE.O.C)

«PRU2).NE.DL.O)

T

T

T

T

(IIZLOGICM(I )

[91]

\Q

0

¢

¢

0

t3

Ty

n
w

N
Dl

5C TC 31

60 T06 52



-%Z1-

OO0

(]

$S9 ICK=2+ICK

61

IFINF.EQ.NV) GO TO0 &1
WRITE(Gsy 200) NFeNV
CALL EXIT

Iec1)zy

Iviiyzi

NF=NFel

NV=NVel

IE(NF) =39

IVINV) =39

IPMS=D

IF(IXS0.EQ.0.0R. IXM5,.E6.0) GO TO 62
IFI(NS.NE.O) GO TO €2

NF=-NFel

NV-NV+1

IE(NF) =38

IVINY ) =38

IPMSC]

62 CONTINUE

I ZE RS RS S RS R RS RSIE IR R R SRS R R RS R RS R

COMPUTE TEMPERATURE DEPENDENT VARIABLES =

EBERE R R R EE BB AT RS BEBE S A B AR KRR R RN RE R R bk *k % kS

CALL CTEMP(TK)

WRITE(E, 100)

CaLL DATIME

TC=TK-2T73.16

WRITE(E»109) TC

WRITE(G+10%)

IF(L1.E0.1) GO TO &8

WRITE(G6s111) CML(1)
IF(CM(1)NE.DOL) CTCLIZLOGICM(1))
GO 70 9

WRITE(G6s113) PP(])
XU10)=PP(1)sCPKLL) +X{3)+X(u)eX(1u)eX(21)+X(25)
PK({11=LOGIPP(1)+CPK(1))
IF(L2.E0.2) GO TC 10
WRITE(Gs112) CM(2)
IF(CM(2).NE. Q) CTE2)ZLOGICM (2]
GO TO



Y RITE(Ee . 4 PP(2
X{11)z=PP(2)«CPK(2) +XTE) X (TI+XU1ISI+X(JC)+X(23)+X{25)+X(28)+X(30)
14X (33)+X (34)
PKI2)-LOGIPP(2)sCPK(2))
11 CONTINUE
IFCL3.NE.4) WRITE(S»10E) (CM(I)eI=3+2)
IFI(CM{2) NE.DOe) CT(3)ZLOGICM(3))
IF(L3I.NEL4) GO TO 30
WRITE(E.108) (CM(I)eI=2e8)
, PCSL-100.*CM(3)
| WRITE(Ee118) PCSLeCMI(10)
SUM=C.
DO 31 Iz-"+8
31 SUMZSUM+U TSI I sCMLT)
SUMZSUM+W TSI 9) ., S+ (CH(R)-CM(111})
CT()=LOGICM(T)=UTS (9))
CTOI0)-(1-CM(9)) «CMUID)I-CM(9)=+SUM
30 CONTINUE
IF(L4.EQ.8) CT(10O)=CM(1IC)I»L0G(10.)

DO 1 I=zleNF

NVzIVIiD)

XLN(I)ZLOGIX (NY))
1 CONTINUE

-G¢C1-

CALL NOLIN(XLNsNFoEPS.EQSy PARTL)

DO 2 TIz1sNF

NVZIVII)

XINVIZEXPIXLNI(D)}
2 CONTINUE

IF(LI.EQ.1) CM(1)=X(10)
IF(L2.EQ.2) CM(2)1:=X(11)
IF(LI.EQ.Y) XU18) =6(39)«PP(1)*CPK(1)/G(10)
IF(L2.E9.2) X{11) =G(39)*PP(2)+CPK(2)}/7G(]11)

IS:-1
WRITE(GEy101)
WRITE(E:102)
AZG(39)
WACT=A



~9¢1-

(@]

WRITEU(G«107) A
NFM1zoNF-]
IFCIPMS.EQ.1) NFM]1ZNFM]-1]
DO 3 Iz1leNFML
NVZIVII)
PG=G(NV)
ATX (NV ) xPG
JSz2sNV-1
WRITE(Ge103) LBOIS)+LBIIS«1)eX(NV)A PG
TFINV . EQe2S. ANDL IPMS «ER.1) HWPRITElGe102)
sPG
2 CONTINUE
IF(CM(8)Y.29.0.) GO 1D 4
PGzG(37)
CL=CL/X(33)
A-CL»*PG
IS-73
WRITE(H+1032) LBCIS)+LB(IS+1)eCTLy K0PS5
4 CONTINUE

IF(L1.EQ.1) GO TO 12
IFICM(1).ENGe) GO TO 13
PPE1)=X(10)+G(10)/ (CPK(1)+51039))
WRITE(6+113) PP(1)

G0 T0 13

12 WRITE(GBs111) CML1])

12 IF(L2.EG.2) GO TO 14
IF(CM(2).EQ.Ge) GO TO 15
PP(2)=X111)2G(11)/7(CPK{2)+5(23))
WRITE(Es114) PP(2)

GO TO 15

14 WRITE(6+112) CML2)

1S CONTINUE
WRITE(Es11S) X(33)

IFCLILEQ.4) TMKZX(32)TH(1ID)
TF(L3.EQ.4) WRITE(FR,117) TMW

PH--ALOSG10(X(1)=xG(1))
KRITE(GEs 10U4) PHyFIv REN
IF(LY.EQ.8) WRITE(S.118)
AZ=F1

LBUT7E)eLBULTE )X 38),X(38),
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RETURN
END



el FOR STKGAS
SUBROGUTINE STKGAS(P,S)
RETURN 2
END
END
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FOR TQOEGSP

SUBROUT INE TOESSPIL)
INCLUDE CMMNe¢L IST

DEFINE X(IY=SVI(LeI)

P(1)=P(])

1 CONTINUE

XOE31)=XA(S3)+X(SU)+X(ETI+X(CUY)+X(T])

XCIZ2IZX (564X (STI+Y (EL)+XLESI+XUGE)I+X L T2)+XLTUY+NLTTI+X (78)
XUEZIIIX(SSI4X(E9)4XLETI+X{TI)¢X(79)

YAZL)Z S IXLS3)+X(ER) N8B0 '

XCIS)ZX (621 +X(B3)+X (SUI+X (ESI+X(EEI+XULET)I+Y (£3)
XO25)ZXUG)+X M TO)+X UTLI+X{T2)+X (73)+X (74)

XUE3TIZ oS XTSI eXUTEI+X L TTIHX(TE)+X(TA)+X(ED))

X(28)=x1(81)
XU33)258,508224.5¢(X(S1)+X(S2)4X(STI+X(SEI+X(5G)+2+X (ET)+2+X (51)
*+X(EZ)4XULGE)*NATOI+X (T2) +X (TEI+X(T78)-X(81))

IF(IE.EB.1) GC TO 2

X312 =X 31D+ (X (ST 1C2C I UXC104)+X (1SS +X (113D +X L1140+ (11%))
XU32)=X (2216 (X(S0)/7 1030+ (X (1033 +X 1110 +X (11210 +X(122))

XA33)=X (333 (X (50710001 +(X(1CB)+X(107)+X(1156))
X024)=X(34)«(X(50C)/1000.)
X(23)=X(35)=(X(50)/1C0C. )+ (X(132)+X (103 +X(1CU4)+XL2T5)+X (10%)

«+X (107)+X(1151))
X{36)ZX(358)*(X(SC)/ 1000 )+ (X (1C9)+X {11 C)+X (111D +X(112)+X(11%)+X (1]
*4)+X(11S1+X(116)+X(€1023))
XA2IT)I=XN(3T)+(X(50)/10C0)+(X(117)+.5+X(112))
X(23)=X(33)(X(501/71000.)+X(11%)
X{33)X(33)%(X(S0)/18%0)1+(X(102)+ X {105)+2«X(107)+X(103)+3*x 111
«]1)+5xX(112)¢322X(116)4+5xX (115)~-,S2X(119))

RETURN

ENTRY TOLISP(L)
IEZ1

GO 10 1

2 CONTINUE
DO 3 I=31+39
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al FCR TOSOSP
SUBROUTINE TOSOSPIS+TKS)
DIMENSION S{1)eTKS (D)

TKSC(1)=S(4)+S{5)+S{13)+S(14)+5(15)
TURSHL2)=S(3)1+S110)+S(111)+5(012)

TKS(3)=SB)+S(7)4S(1F)

TKS(4)z-C.

TKSUS5)ZSI1)+4S(2)+S(314S5{4) +S(5)+S(E)+S(7)
TKS(6)IZS(8)+S(3)+S(10)+S(11)+45(12)+S(13)+S(1u)+S(15)+S(1E)
TKS(7)=S(17)+.5=5{19)

TKS (8)=5(19)

THKS () 2S (21 ¢ .SaS(S)424S{T)+S(21¢3S(11)+5+S(12)+3X(14)+66S(15)
*- .5+5(19)

RETURN

END
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al FOR WAVAP
SUBROUTINE WAVAP(Le ABNePeTsWV)
INCLUDE CMMN,LIST

T=-328.

TN=SVIL:S)

CALL DHGS(Le H1)

SVILe 5T

CALL DHCGS(Ls H2)

COMZ(HI-H2)/(TN-T)
DH-13630.6-10. 4647
PEB-CPM«{TN-T)/DH
OPERz-CPM/DH+1 0. 464 «PER/DH
VPLOG=5,2268u~1750.286/7({T-133,2)
DLOGVPZ175C.2867 (T-38.2)1%%2
YGS=(1G.**sVPLOG)I/P
DYGS=2.303sYGS5=DLOGYP
PMB=ISVIL»10)-SVILe12)-8BN)*Y5S/ {] ~Y¥5S)~-SVIL,13)
DPMI=(SVI(Le10)-SVILs19)-ABN)*DYCS/ (1.-YS)sx?2
TO0:=T

T=T-(PMB-PER)/ (DPMR~DPER)

IF(ABS () .-PER/PME) 5T . .005) GO TO 2
SV(LeS)ZTN

WV=CPM2(TN-T)/DH

RETURN

END

AN ]
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@l FOR WTYRMKP
SUBROUTINE WTRMKP(P,y$)
INCLUDE CMMN,.L IST
INCLUDE LCMN+LIST
DIMENSION WM(B)

c
DDEFINE DL(T) S 44999295282
1 +a45726616FE-4
2 -« 741I05074E-¢
3 +.41079583E~7
4 -«133706703¢-9
C
P(1)=P(1)
LOCSVZ-ISEQG(NL)
LOSZISTM(LOCSVe5)
KEYZSVIL0S2)
IF(KEY «NE.DO) RETURN 2
READ(5+100) WM
100 FORMAT(8E10.23)
C
DO 1 J:zle8
Iz52+4
PRO(TI)zWM(Y)
1 CONTINUE
C
T:z323.1%6
DWz1000.+DL(T)
SVILOSS4) UML)/ (D eX MW (54) )
SVILOSeSTIZWM{2)/(DU2X MY (57))
SVILOSsSSIZHM(3)/(DWAXMW (55))
SVILOSeS8IZWMI4)/ (DU*XMW (58))
SVILGS+€2)ZWMIS)/ (DW*XMY (52))
SVILOS»69)WMIB)/ (DU=XMW (62))
SVILOS» TSI ZWMIT)/ (DUW*XMA (75))
SVILOS»81)-HM(B)/{DW*XMY(B1))
C

RETURN 2
ENO

4 % * »

(T-273.18)

(T-273.16) %92
(T-273.15)1%»3
(T-273.15) %%y
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@l FOR XSCOIS
SUBROUTINE XSODIS(NsXDSeXD)
DIMENSION XD(1)eXDS (1)

XD( 1)=0.

XDC 2)=XDS (1)
XD{ 3)=XDS(2)
X0t 4)=1-N
XD( S5)=1-N
X0t €)<1-N
X0t 7)z1-N
Xp{ 8)=0.

XDt 9)=XDS(3)
XDU(13)=XDS (4)
XBC11)=XDS (4)
XpU12)=XDS (4)
XDO13)rz1-N
XDl14)z1-N
XD(15)=1-N
XD(16)=XDS(5)
XD(17)=XDS (5)
X0(18)=0.
XDU{19)=XDS(7)
RETURN

END

@l FCR READIN




