
APPENDIX I-D 
REPORT OF SCHNEIDER CONSULTING ENGINEERS 



Page Intentionally Left Blank 



COMPUTER SIMULATION OF PREHEATER AND REACTOR 
IN DIRECT COAL LIQUEFACTION 

Department of Chemical Engineering 
University of Pittsburgh 

Pittsburgh, Pennsylvania 15261 

Prepared By: 

Schneider Consulting Engineers 
98 Vanadium Road 

Bridgeville, Pennsylvania 15017 



TABLE OF CONTE~ITS 

Abstract 

Introduction 

Model Development 

Simulation Techniques 

Use of Simulator 

Si6ulator Modification 

Conclusions and Recommendations 

Nomenclature 

References 

Page ~Io. 

1.1 

2.1 

3.1 

4.1 

5.1 

6.1 

7.1 

8.1 

9.1 

Appendix A - Program Listing 

Appendix B - Sample Problem 

II I ! 

$©hnelder 
Consulting Engineers I-D-2 



1.1 

ABSTRACT 

This report describes a comprehensive computer simulation program that 

predicts the performance of coal l iquefaction preheater and reactor. The 

simulator is interactive and allows the user to input any l inear k inet ic 

network by specifying the reaction paths. The user must also specify the 

operating conditions and the physical dimensions of the units. The 

simulator w i l l  then provide detailed information on the performance of 

each uni t ,  the characteristics of each flow stream, and an overall summary 

of the products leaving each unit .  The simulator also provides graphical 

(p ic tor ia l )  outputs of the results. The input/output results are stored 
in a database for  any future processing. 

Included in this report are model development, descriptions of the 

mathematical procedures used to predict the performance of the units, 

source code of the program, instructions for i ts  use, and.a sample problem 

showing both the input data and the result ing output, both in tabular and 
graphical form. 
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INTRODUCTION 

Various processes are used for  d i rect  coal l iquefact ion (Whitehurst, et 

a l . ,  1980; Shah, 1981). A typical  coal l iquefact ion un i t  consists of a 

preheater and a reactor. Coal is mixed with recycle solvent and fed with 

hydrogen into a preheater, where the temperature of the mixture is raised 

to around 673 K. I t  is then fed into a reactor (d issolver) ,  wherein the 

reaction is allowed to proceed. Recently, Albal et a l . ,  1983, have 

qua l i t a t i ve l y  examined the performance of such preheaters and reactors. 

This report describes a comprehensive computer program that allows the 

user to simulate the performance of coa l  l iquefact ion preheater and 

reactor units.  The program is f l ex ib le  in the sense that i t  can 

accommodate any reaction network as long as the reactions fo l low f i r s t  

order k inet ics.  The program is in teract ive and allows the user to execute 

i t  e i ther in batch or time sharing mode. 

The simulation program is wr i t ten in modular form using the FORTPAN 

language. I t  can be implemented on v i r t u a l l y  any large, sc ien t i f i c  

computer, though some customization may be required to ensure 

machine/language compat ib i l i t y .  The code has been developed on a DEC 

System-lO computer at the Universi ty of Pittsburgh. The programs 

necessary to convert the output from this simulator into a graphical form 

and to store i t  in a database, have been developed on a PDP-II/70 computer 

at Schneider Consulting Engineers, Br idgev i l le .  These programs require 

the use of IGDS ( Interact ive Graphics Design System) and D~RS (Data 

Nanagement and Retrieval System) software packages, developed by 

Intergraph Corporation, Huntsv i l le ,  Alabama. The programs to display 

graphical outputs can only be used on computers supported by the 

Intergraph software. 

Included in this report are a l i s t i n g  of the computer programs, 

instruct ions for  i t s  use and representative sample output, in addit ion to 

the general descript ion of the methods used to carry out the simulation. 

| l  l i  i l i l l  I I 
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3.1 

MODEL DEVELOPMENT 

The direct coal liquefaction involves a three phase reaction mixture, 

wherein the hydrogen from the gas phase is absorbed into the l iquid phase 

and reacts to form various products. The ~iquid phase consists of a 

mixture of coal and the solvent. The necessary equations to predict the 

thermal behavior of the preheater and reactor, include the material 

balance for hydrogen in the gas and liquid phases and.the heat balances 

for both preheater and reactor. The heat generation in the dissolver is 
t 

assumed to be proportional to the hydrogen consumption. 

The mass and heat balance equations for the preheater can be derived with 

the assumption of plug flow condition. Th is  assumption is just i f ied 

considering that preheaters employed for coal liquefaction are usually in 

the form of coils with a length to diameter ratio of more than 100. In 

the reactor, the gas phase is assumed to flow in a plug flow, while 

standard axial disPersion model, with closed-closed boundary conditions is 

used to model l iquid phase hydrogen balance and the energy balance 

equations. Other simplifying assumptions made in development are as 
follows: 

I. Reactions occur in the bulk slurry phase only. 

. Mass transfer of hydrogen from gas phase to l iquid phase is 

controlled by the liquid side mass transfer resistance. 

. The reactor operates under isobaric conditions. This assumption is 

just i f ied since the pressure drop is not significant as compared to 

the actual pressure anywhere in the reactor. 

4. The three phases are at the same temperature at any axial position. 

. The gas holdup is constant al l  along.the preheater, and all along the 
reactor. 
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MODEL DEVELOPNENT (Continued) 

3.2 

. Ine physical and thermal properties of the gas and the slurry (except 

the viscosity of the slurry), the mass transfer coefficient, gas 

liquid interfacial area, and the heats of reaction and dissolution 

are independent of the temperature and conversion. 

. Henry's law is applicable. The rate constant for hydrogen 
consumption and the Henry's constant are temperature dependent 
according to 

. 

and 

k - ~cxp (-~/RT) (I) 

- Hexp(-zH,/er) (2) 

As a consequence of assumption (6), the heat transfer coefficient can 
be obtained as a function of viscosity as 

h - ,6' . ( 0 )  - o , . ,  (3) 

where h : heat transfer coefficient; ~ = constant depending on the 

coal, type of solvent and the coal to solvent r a t i o ;~# )=  viscosity~ 
a function of temperature. 

The exponent of the viscosity is in accordance with the Sieder-Tate 
equation (Shah, 1981) for heat transfer. 

Based on the above assumptions, the following equations can be derived. 

A. PREHEATER 

I. Hydrogen Balance 

(a) Gas Phase 

d-aZt + R~ ( H ' ) 

I 
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3.3 

MODEL DEVELOPMENT (Continued) 

where 

I 1 I k,aL Hi 
RI - 4 

u 

H - H : x p ( - A H ~ ? / ( l  + o)) 

(s) 

(6) 

and 

aJY~ - ,~ Hs/ Rr~ 

a:! - 1 a t  x I - 0 

(7) 

(8) 

(b) Slurry .Phase 

d~ R~ (~ 
dx-"i - ' b - ~  -5i ' - a~ H,'y ~H, % ) 

where 

+ ~ cxp ( - E * / ( I  + et))a~ - 0 (9) 

and 

"f! " u~ 

-~( l - ,',,)C ' 
Rp-  

I 
u t 

s o - e / R T " ~  

(10) 

(11) 

(12) 

Equation (9) is subject to the boundary condition 

a~-Oatx'-O (13) 
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3.4 

MODEL DEVELOPMENT (Continued) 

2. Energy Balance 

In the preheater, the heat input is' largely by the external 

heating and some by heat of reaction and heat of dissolution. 
The governing heat balance equation can be expressed as 

d~ 
aS 

where 

and 

"(T. ~ • L' 

r ;  - c',, . 4 - F , v ,  
T,(F, p,C~ + 

! I C,~ • v, • '.%Hs 
r ~ -  ,, ,_- 

T.(,~, p,C, -:- v, p,C,,) 

(zs) 

(16) 

(zT) 

Here~(e~, viscosity is obtained from a fitted equation that 
accounts for the change in viscosity as a function of  the 

temperature. Equation (14) is subject to the boundary condition 

0'-0 atx'-O (18) 

. Chemical Species Balance 

d x  z 

where 

= o : c=  , .  ~z- (19) 

( ; - / ~  '-.J" -- / ,  /'*Is (20) 

II I I 
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3.5 

MODEL DEVELOPMENT (Continued) 

The boundary condition for Equation (i9) is 

Cj -"= c j . "  ~ t  ~ : : -  ~ : ,I = ' ,  ~= 

B .  REACTOR 

I. Hydrogen Balance 

(a) Gas Phase 

• I I  

aa, R~' (/ ' /  " ) 
dx '--~ + tMq ~' - °~' - 0  

(21) 

(22) 

where 

" o---F-,' (23) 

The boundary condition for Equation (22) is 

G~II,. o. " - ~, I.,,.o. (24) 

(b) Slurry Phase 

I a2a~ ' da~' R~' iS  ,, ) 
pc, (,ix")~ - ~ + ~ ! - ~  a, - a~' o~ . . --, . . . .  - ~ cxp (-E.l(Z + e"))a,- o (25) 

where 

7" 
U t 

~'- L" 
D, 

Da ~(1 - -"'"' 
et)£, 
i! 

u z 

(26) 

(27) 

(2B) 
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3.6 

MODEL DEVELOPMENT (Continued) 

The boundary conditions for Equation (25) 

al' I.,,.o. - al' I."-o" - ~ dx,-'~l...o. 

and 

are 

(29) 

. 

doll I - 0 

Energy Balance 

~,,r,, # ,, _ .I, ParCH ~xp~S'/(1 + ¢'))aI' 0 Pc, (dx")  z d x "  + " "  - s  a~ + 

where 
II ~,ll-- ~ LII 

Pe~, - (u .p .C. . .  + , p,L~) • 
De 

c l  II 
~ -  r e . . . . . . .  r'~ - • a H ~  

I II r,(,,,p,C. + .1%C~) 

r ' , ' -  c ' . ~ , . . ,  . 
I It  I I - -  r, ( ,,, o, C,, + ~,, p,C~) 

Boundary conditions for Equation (31) are 

~"t,,,.o -8"1,,,.o.- ~ - - (~1  Pe.~ ~ dx" l ,"-~" 

and 

dS"[ 
, , * 0  

d x  II x"=O 

(3o) 

( 31 )  

(32)  

(33) 

(34) 

(3s) 

(36) 

3. Chemical Species Balance 

, 
+ , 

Pe t d x~- ~ . t - "  ..,r " 

I I  
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3.7 

MODEL DEVELOPMENT (Continued) 

The boundary conditions for Equation (37) are 

~1 ~1 ' J*; cd = C; - - .  , - .  

- -  i .  

and 
' d -  

d 

. °  

(39) 

(40) 
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4.1 

SIMULATION TECHNIQUES 

The hydroprocessing of coal  involves a series of reactions, both 
homogeneous and heterogeneous. The consumption of hydrogen gas and coal 

conversion to soluble products occur simultaneously. Hence the equations 
described in the earlier section (plug flow equations for the preheater 
and axial dispersion equations for the reactor) are coupled and have to be 

solved simultaneously. The consumption of hydrogen is9 however, generally 

used as a measure of the heat generation. This allows the uncoupling of 
the hydrogen balance equations (both gas and liquid phases) and energy 
balance equation from the chemical species balance equation. In this 
simulator, therefore, the hydrogen and energy balance equations are f i r s t  

solved simultaneously and the resulting temperature profile is 
superimposed on the chemical species balance equation. 

The program code is written in a modular form for easy modification. For 
example, separate modules have been set up to calculate the gas holdups 
and viscosity (as function of temperature) in the preheater and reactor. 

Procedure fo~ modification of these modules is explained in Section 6. 

1. ~lumerical Solution of Hydrogen and Energy balance equations: 

The preheater is assumed to be plug flow and therefore the equations 
are coupled f i rs t  order differential equations [Equations (4), (9) 

and (14)] with in i t ia l  conditions [Equations (8), (13) and (18)]. 

These equations are solved simultaneously by using fourth-order 
Runge-Kutta method of integration (Carnahan et a l . ,  1969). 

The gas in the reactor is assumed to be plug flow. This results in 

one f i r s t  order differential equation [Equation (22)] with an in i t ia l  

condition [Equation (24)]. The axial dispersion model is used to 

model the slurry phase in the reactor. This results in two second 
order differential equations [Equations (25) and (31)], with four 
boundary conditions [Equations (29), (30), (35) and (36)]. Again all 

the reactor model equations are coupled. The second order equations 

are also non-linear. A shooting technique is required to solve this 
boundary value problem. The problem is f i r s t  converted to an in i t ia l  

I 

Sohnotdor 
ConeulUng Inglnoors I-D-12 



4.2 

SIMULATION TECHNIQUES (Continued) 

value problem by guessing the concentration of hydrogen and the 
temperature in the phase at the reactor entrance. Again the 
Runge-Kutta fourth-order technique is used" to intergrate the 
equations. The method of interval-halving is used to refine the 
guesses at the reactor inlet so as to satisfy the exit boundary 
conditions. 

2. Numerical solution of chemical species balance equations: 

Equation (19) describes a set of equations for the chemical species 
balances in the preheater. These equations along with the set of 

boundary conditions [Equation (21)] are solved by the same technique 
as used above. 

Equation (37) with boundary conditions (39) and (40) are a set of 

equations for chemical Species balance in the reactor. In i t ia l ly  a 
computer code similar to the one used to solve the hydrogen-and 

temperature balance equations, was developed to solve these 
equations. The computation time required to arrive a t  the final 

solution increased exponentially with the number of species. 

Computation time of the order of one hour was required to solve the 
equations for  three (3) species, on the DEC-tO computer at the 

University of Pittsburgh. As the computation time was prohibitively 

high, i t  was decided to develop a code for solving coal liquefaction 

reaction networks involving only f i rs t  order reactions. This code is 
used for simultaneous solution of coupled linear equations. 

The code takes advantage of the fact that a linear combination of 

several solutions of a differential equation, obtained for different 

ini t ial  conditions, is also a solution of the differential equation, 
i f  the differential equation is linear in the dependant variable. 

For example, i f  C I and C 2 are two independent solutions of a second 
order linear differential ~quation, then C = ~ICI ÷ ~2C2 is also a 

solution of the differential equation. The coefficients ~'I and ~2 

can be calculated so as to satisfy the boundary conditions. 

- -  . . . . . . . . . . . . . . .  , , .  , , , ,  i , - , , , - ~  , ,  , - T ,  - ¸  , ~ , 
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4.3 

SIMULATION TECHNIQUES (Continued) 

The computer code developed makes 2N s (N s = number of species) 

independent guesses, at the reactor inlet, and performs the 

integration us ing  Runge-Kutta fourth-order technique. The 

independent guesses are made by using a random number generation 

routine. The coefficients ~ are calculated by matrix inversion 

(Gerald, 1978), so as to satisfy the required in i t ia l  and bounda,~ 
cgnditions. 

Computer programs to generate graphical outputs were developed on 

the PDP-11/70 computer at Schneider Consulting Engineers, 

Bridgeville, Pennsylvania. IDGS and DMRS software developed by 

Intergraph Corporation, Huntsville, Alabama was used in these 
programs. 

i 
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USE OF SIMULATOR 

5.1 

To use the simulator, the following information must be provided: 

Flow rate of gas to preheater, (cm3/s) 
Flow rate of slurry to preheater, (cm3/s) 
Length of preheater, (cm) 
Length of reactor, (cm) 
Diameter of preheater, (cm) 
Diameter of reactor, (cm) 

Inlet  temperature of slurry to preheater, (%) 
Operating Pressure, (arm) 

Mole fraction of hydrogen in gas to preheater, (dimensionless) 
Temperature of furnace, (°C) 
Heat capacity of gas, (cal/gm°C) " 
Heat capacity of slurry, (cal/gm°C) ..... .. 

Arrhenius frequency factor for hydrogen consumption.kinetics, (s " I )  
Activation energy for hydrogen consumption kinetics, (cal/gmol) 
Heat of reaction of hydrogen, (cal/gm) 
Heat of dissolution of hydrogen, (cal/gm) 
Solubi l i ty  constant, [(gm/cm 3 , 

2 l)/(gm/cm3g)] 
Di f fus iv i ty  of the gas, (cm /s) 
Surface tension of the slurry,  (gm/cm 3) 
Total number of Chemical species 
Name and code number of each species 
Total number of non-zero rate constants 
For each rate constant: 

Code of reacting species 
Code of product species 

Arrhenius frequency factor, (s " I )  
Activation energy, (cal/gmol) 

For each species: 

I n i t i a l  concentration, (gm/gmtotal) 
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5.2 

USE OF SIMULATOR (Continued) 

The input data is entered interactively by executing a program 

"SIMDAT.FOR". This program prompts the user for the input information. 

The data are stored in a f i l e  'SIM.DAT'. The main simulator program 

'SIM.FOR' can next be executed either in batch or time sharing mode. 

Output is contained in the following f i les: 

Output Summary 

Preheater: 

Temperature Profile 

Hydrogen Profile (Gas Phase) 

Hydrogen Profile (Liquid Phase) 

. Viscosity Profile 

Species Concentration Profile 

Reactor: 

Temperature Profile 

Hydrogen Profile (Gas Phase) 

Hydrogen Profile (Liquid Phase) 

Species Concentration Profile 

SUMRY.DAT 

PTEMP.DAT 

PHYGAS.DAT 

PHYLIQ.DAT 

PVISCO.DAT 

PCONC.DAT 

RTEMP.DAT 

RHYGAS.DAT 

RHYLIQ.DAT 

RCONC.DAT 

Graphical output can be obtained on the PDP-11/70 computer at Schneider 
Consulting Engineers. 

The simulation program has been written in standard FORTRAN (except for 

programs needed to obtain the output in a graphical form). 

The program typically requires about one to one and a half minutes of 

computation (CPU) time on a large computer. 

A representative set of output data is shown in Appendix B. 

Schneider 
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6.1 

SIMULATOR MODIFICATION 

The simulator has been written in a modular form so as to allow easy 
modification. 

The viscosity in the gel region is a strong function of the type of coal, 

type of solvent and the coal to solvent ratio. In the present simulator, 

the viscosity of the coal-oil slurry is calculated from a equation f i t ted 

to data reported for 35 wt % Kentucky No. 9 coal with Wilsonv~]le recycle 

solvent (McNeese, 1980). A separate function subroutine VISCOS has been 

written to calculate the viscosity as a function of temperature. The user 

need only modify this function routine to ~ncorporate different viscosity 
dependence on temperature. 

Similarly, a separate function routine FEG has been written to calculate 

the .gas hold up in preheater and reactor. Presently correlations 

suggested by Akita (Akita and Yoshida, 1973) have been incorporated in the 

simulator to calculate the gas hold up. I f  the user desires to use some 
other correlations, he need only modify the routine FEG. 

. . . . .  ~ iR l l l  . . . . . . . . . . . . .  ' L  _ i . . . . . . . . . . . . .  L . . . . . . .  
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7.1 

CONCLUSIONS AND RECOMMENDATIONS 

The simulation program described in this report is a convenient tool for 

analyzing the performance of coal liquefaction plants. I t  could assist a 

decision maker in arriving at optimum equipment sizes and operating 
conditions. 

Additional features can be added to this simulator to enhance its value. 

The following additions are recommended. 

. The simulator in i ts present state is not limited to the type of 

process~(SRC-I, SRC-II, EDS or H-Coal), as long as the processes have 

only one preheater and one reactor. The simulator should be modified 
to include two and more stage processes. 

. The simulator requires the user to input data, such as hydrogen 

conversion and coal liquefaction kinetics, physical properties, etc. 

In many cases, the user wi l l  be unaware of these data. A numerical 

database of the required data should be developed to assist the user 

in selecting the input data. At'least some default values for these 

data should be set up in case the user has no idea about the range of 
the input data. 

. Coal conversion reactions are exothermic and they are carried out in 

adiabatic partial ly backmixed bubble columns. Such reactors can 

exhibit multiple steady states. (Nunez et a l . ,  1982). In the 

present state, the simulator converges to one steady state and has no 

way of determining whether other steady states exit. Nunez et al. 

have presented graphs showing regions of multiple steady states for 

various operating conditions. This information should be 

incorporated in the simulator and i f  the user input data results in 

the reactor operation in the multiple steady states region, 

appropriate messages should be relayed to the user. 

. Subroutines should be developed to permit non-linear kinetics and 

also rate expression of other than the Arrhenius form. 

I 
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7.2 

CONCLUSIONS AND RECOMMENDATIONS (Continued) 

. Similar programs should be developed for  other unit  operations, such 

as coaY preparation, separation uni ts,  etc. In some cases such as 

coal preparation, simulation programs already exist  (Go~tfried, 

et a l . ,  1982). Software should be developed to depict the output 

from such simulators in p ictor ia l /graphical  form to enhance t h e i r  
value to the user. 

. . . . . .  , , • , ,, 
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8.1 

NOMENCLATURE 

ag 

a l 

C 

Cp 

c 

D 

Da 

0 H 

D 1 

E 

E* 

H 

M 

h 

Z~.H R 

A H s 

k 

k 

kla 

L 

N s 

Pe h 

Pe 1 

dimensionless concentration of hydrogen in gas phase (Cg/C'gi) 

dimensionless concentration of hydrogen in liquid phase 
(CI/HiC'g i) 

concentration of hydrogen, g/cm 3 

specific heat, cal/g K 

weighted average specific heat, cal/g K 

dimensionless concentration of Chemical species, (gm/gm) 

diameter, cm 

Damkohler number, defined in Equation (28) 

thermal dispersion coefficient, cal/cm s K 

mass dif fusivi ty, cm2/s 

activation energy, cal/gmol K 

dimensionless activation energy~ defined in Equation (12) 

Henry's law constant 

pre-exponential factor in Equation 2 

heat transfer coefficient, cal/cm2s K 

heat of reaction, cal/gmol 

heat of dissolution, cal/gmol 

dimensionless heat of dissolution, defined in Equation (7) 

rate cons~ant-, s "1 

Arrhenius frequency factor, s -I  

volumetric liquid phase mass transfer coefficient, s "1 

length, cm 

number of chemical species 

Peclet number for heat, defined in Equation (32) 

Peclet mumber for mass, defined in Equation (27) 

I I 
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NOMENCLATURE (Continued) 

R gas law constant, cal/gmol K 

R a dimensionless parameter, defined in Equations (20) and (38) 

R i dimensionless parameter, defined in Equations (5) and (23) 

Rp dimensionless parameter, defined in Equation (11) 

R rate of generation of chemical species, s -1 

T temperature, K 

v superficial, velocity, cm/s 

• x dimensionless axial distance, (Z/L) 

axial" distance, cm 

oK 

F 

t6. 

0 

Greek Symbols 

dimensionless parameter, defined in Equation (15) 

constant in Equation (3)- 

coeff icients of solutions of d i f ferent ia l  equations 

dimensionless parameter, defined in Equations(16) and (34) 

dimensionless parameter, defined in Equations (17) and (33) 

viscosity, g/cm s 

density, g/cm 3 

weighted average density, g/cm 3 

dimensionless temperature 

gas holdup 

dimensionless parameter, defined in Equations (10) and (26) 

Superscripts 

I in preheater 

I I  in reactor 

8.2 
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NOMENCLATURE (Continued) 

Subscripts 

g 

i 

J 

0 

l 

w 

gas phase 

inlet condition 

chemical species number 

outlet condition 

liquid phase 

wall condition 

8.3 
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APPENDIX A 

This section includes the program source code and a 
simulator block diagram. 
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SUBROUTINE/FUNCTION 
NAME 

INPUT 1 

INPUT 

PHEATR: 

REATEM: 

CHEMI: 

CHEM2: 

OUTPUT: 

HYDRO: 

RUNGE: 

PHEATC: 

EQTNS: 

REATC: 

INTHAL: 

VISCOS: 

LUDCMP: 

SOLVLU: 

RAN: 

FUNC: 

REACTR: 

APVT: 

FEG: 

~k=hnetder 
Consutting Engineers 

PURPOSE 

Reads input data: viz. coal conversion kinetics 

Reads input data: viz. Physical dimensions of the 
units, physical and thermal properties and hydrogen 
consumption kinetics 

Simulates preheater performance: Thermal and hydrogen 
consumption only 

Simulates reactor performance: Thermal balance only 

Init ial izes simulation of preheater: Chemical species 
conversion 

Init ial izes simulation of reactor: Chemical species 
conversion 

Prints output 

Calculates hydrodynamic parameters 

Runge-Kutta fourth-order integrator 

Simulates preheater performance: Chemical species 
conversion 

Calculates chemical species conversion rates 

Simulates reactor performance: Chemical species 
conversion 

Interval halving program to solve implicit equations 

Calculates viscosity of coal slurry in preheaters 

Calculates lower andupper triangular matrices 

Finds solution of matrix AX=B, after finding its LU 
equivalent matrices 

Random numbers generator 

Function routine that calls REACTR and FEG 

Simulates reactor performance: Hydrogen consumption 
only. 

Finds largest element for pivot and performs inter- 
changes 

Provides equations for calculation of gas holdup 

l l l i  I 
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PROGRAMS TO GENERATE GRAPHICAL OUTPUT 
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PLOT.FTN 

(SOURCE PROGRAN) 

Iohnelder 1-I)-28 
Conlultlng lng|neerl 



OF-!1FORTRAH-77 V~.O-! 
PL.OT,FTN;202 

'195 

U197 

a198 

~77 

' 200 
0201 

~v~  

203 
+.~n4 
~z~5 

206 
207 

u208 
02,2~ 
~ q f h  

:=2!2 
~ 2 ~  2~7 

21;  

+216 
~217 
" ~  

219 
...++ 

022! 

. . ~w  . " i ~  

, , ; q q  

:27 
• . _  . ~ q  

"- ) " }  0 

V , . : ~ V  

m 

C,233 

~ 2~5 
23~ 

0237 

:.'3~ 

~241 
".+-. + ~  

"d."ffw 

. . . . .  !~-P,a~.-84 !0 , - .~ ,q0 Pa~e 5 
.', , ' : ;  TR,~,u,JUI'~=,WR 

P'~P.TU,"~ - T  .I. ~'T [ • rj~.*,~ • 0.*.=~ . . . .  + ' } -01,  J I .  + X , 3 ,  ~ , , . . ~ , O  
CALL T'r,--'~:" ~=.m: I:* o ~'~ = ,, - ,.T ,N . . . .  C G ~ . . U ~ P , A R G L ~ L E L . . s T ~ , ,  , . , P d . ~ u R t ~ I H ; r , ,  NCD~ 

i YLABEL(4>,HOATT) 
WRI~(I0~236) RTRC~ 
ORIGIN(1)=IO-J!FZX(0,267i8000,O) 
ORI,~IH(2)=II÷JIF!X(4,B~800O,O) 
CALL TNDFPI (GGROUP,ANGL,LBJEL~TRP,TSP,T~nRiBL~-RTRCD~ 

I YLABEL(5),NOATT) 
U.RITE'IO,236) RTHCB 
ORIGIN(1)=IO-JIFiX(O,2~7~OnO.O} 
,. ' ,,.,LhH(,:, - l ' l -~a[ ,  [Y/,i~.v:l{oOuu ,'~) 
C~LL TNDrrI,GGr.uUP;A,H=L~-v=L, :NP~Tor ~ :=,uHI=ZH,~TNu~), 

r~TT~'{ ! -!I ~ . . . . .  0 ~.;.,& RTHC£' 
T,HP{ L',=3 

, ~+ '  ; T ~ I  { - '~ "~ 'T tR~ '~'l , . . "X I~ ;  . "  ' . " I  T~ID T = D . T ~  .~ . ' . , v ' .m .T~ .  ' -e)  

t CHY;>~OkTT) 
l i P .  -p  4 . ' 9 ~  . 

. - . ~ . -  . •  _ + • p . p ~  - P ~ ; ~ l + r .  

-uH;++~+" h r . ;  F ! ]R~  a ~ r r l  2 ' r ! }  

THP,4):2 
, OP % C ~ f - ' .  ,p t 

OFCI+.N (+ ,--+ . . . . .  ..-, . . . . . . .  ~+,+ +... 
m~p, ,~- i . + ~  . , v+ .P  V + + .  ~ .~+m .-. . T , .=  • . I - -  . . . .  I . ~ , J r . , +  . ~  +%'~ un . . . .  H ,+ .  I I , J  . . . . . . . . . . . . .  u . . . .  

.Idr~ • . ~  . .I . . . . . .  . . . .  I . .  D - ~ ; : ~ - T -  .~ . '~ ;? ,  C~LL ......................... .... ~I,+~,,I.JU,., ........... ~I'~. ,- I ..... ~ .... =.,. 
~. RTr~CL:F,F'I r~OATT) 

: ' : ~ ' " : :  RET : ' " ' =  F~H . . . . .  3 ~ ..... r-,, -.=+.-- : ~ I D r r ' :  • :'~; 
~+ - '+.'+"..: 

~- . , i -  

: : "  25 :'~.~-'+ 
,+ .j++,. 

-U2ZTE'L:O~2~) J~X(J: f: '{ j) 
FOR.HAT(" , v, ~ ........... 

~ ,+ ,  + ; - + v • ,.;a.~ . , . .  ~.i + ..~,,.A % , .D  .~G ~J'JV ~ . .  J 
i ~ ' ; T ' - t  ~, - T f  *- ; T ~ ' r y f  i V :  : '  ;4~% = % ' ~ @ L I Y - V T T P V f  ~ ~." / " , "  .":" -': " : "  i ' ' V ' r t ' ~ k  " " '  ~ ' 

L i~ iTT= t~ ,p . .~ :  - . ~ P . , r *  n~-.+ , , ,+ ~ , ,  • ~ . . . .  . . . . .  r l . . - .V  . . . i t  . .  

C~HTIHUE 

~;-;'.'. . . . .  r I . . . . . . . . . . .  . . . . .  r+,.+;+R+H:R .~+++~.~ ..... ; 

C ~ r . ~ , ~ ' t  .~ : ' . " t  ' +.9"',+, +' 
............ F,RGH :~;rr~ ,J..~ 

' : aLL  9E~FP!(1) 

T q i ¢ ,  ~ 1 :  q :  - .'r , ~  :c '~ . :  ~ • 

CALL :+:='~ . . . . .  ~.-  " . . . . . . . .  • , ,+~, ,+ . , ,{  , v , , ~ , . .  ~ i ~ U , . . +  , ,  ¢ 1 ~ 0 ,  

,w. # 

" r - I ) - 2 9  



P[?-11 FORTRAN-77 V4.0-I 
FLOT.FTN;202 

0!44 
0145 

0'~47 503 
";'150 
0!,~I 
0152 
015~ 

015~ 
0157 

0157 ~ w ~  

01~0 
0!61 ~03 

.21~7 

0167 

017! 

017~ 
C.17~ 
0175 

O"-77 
~7~ 
0!: 7 

01~0 

v 

% ~  , , ~  ," 

C 

i 

/F77/TR:BLOCKS/~R 

~RITE(?,501) YTICK(1) 
FORMAT(F4.1) 

~RTIN " ~(RI,~.O) WRITE(~,~03} RI 
FORHAT(12) 
CLO~E (UNIT=?) 
OPEN (UNIT=~,F!LE:'SBi:£~O,I~]PLOT,~AT',STATU8='OI.I)') 
READ(~,300) CNY 
~RITE(IO~ZO0) CRY 

READ(9,~01) YLABEL(!) 
~RITE(IO,~01) YLABEL{I) 
FORmAT(A4) 
CONTINUE 
IF(R!.NE.O} READ(?,30~) ~E1 
FORmAT(A2) 
IF(RI.NE,O) WRITE(IOr~} RRI 
CLOSE (UNIT:?} 

TNP(1)=O 
T~P(2)=800,O 
TNP(~)=4 
TNP(5)=~ 

TS(1}=O 

TS(3)=O 
TS(4}:I 
T~i5)':O 

CALL T~DFP!(~ROUP~ARGL~LEVEL,T~P,T~F~T~ORI~IB~T~!C9, 
YLAEL{I),ROATT) 

~R!GI~(1)=IO-JIFIX(0.2iT~O00,~) 

ILABEL(Z)~OATT) 
QRITE(I072~} RTR~D 
ORIGINE!)=IO-JIFIX(O,2~7~O00,O) 
ORISI~(2)=I!÷JIFIX(2.~ZSgO0.O) 
CALL T~DFFI(~ROUP,ARGL,LEVEL,T~CP,TSP,TS,O~I~IH,RT~C~, 
YLABEL(~},NOATT} 
~RITE(IO,2~6) RTRCD 

I - D - 3 0  



DP-I1 FORTRAH-77 V4.0-1 
,~OT,rTN,~O~ 

)096 
1097 
dOGB 
009G 
4100 
)I01 9 
,102 
01~ 
0104 
• !CS i0 

C 
C 

0106 
hi07 

vilO 

11S 
11~ 

~!17 

V~ 

0123 

ink 

.126 
~i27 

t~.k 

• L ~ ' I  

0!35 
',~6 
37 

013~ 
~140 

0141 
0142 

7 
C 
C 
500 

14 

I? 

-"G 

C 
C 

17 

l,, 

w v ~ , ,  

i0:26:40 !4-Ha~-~4 
iF77/TRIDLOCKS/~R 

IXLAST=XH~X/IO,O;~BX 
JXHIN=X~IN 
ZJXHIR=JXHIN 
IF(XHIB.EQ,ZJXBIR) GO TO 9 
IF(XHIR.LT+O,O) IXFRST=!XFRBT-I 
JXHAX=XHAX " 
ZJXHAX=JXBAX 
.F,XHA,,.EQ.ZJXHAX~ ~) ;0 i .  
IF(XHAX,GT.O.O) IXLA=T=IXI.ABT+I 
CONTINUE 

XLAST=ZXLA~T 
XFRBT=IXFR~T 
XDIFF=(XLAST-XFR~T)/S.O 
DO 7 . . . .  
XTICK(1):XFR~T÷(I-I)~XD!FF 
CORTIRUE 

r - '%(, ,~e{vHi~v;  ~T  A"-~-:'/}iT.~J''~ V ' / -~D .~ I yW6y I  

YY=YY/IO.O 

~lY=,ilY÷1 
00 TO It 
V'I- ' , . 'V~t l  I~ fi 

Ir~;Y.~,~u,v~ '.-.._-"" ;0. !6 
,~Y=HY-I .-~ 

I Yr ;,~. i = :HIv,; ;-..Q~.il,'Y 
• "V  l AOT--~'~I~ ~ ~'I~ m.D.~i.'%" 

i ~ . r l - a l  " l i l ; ' l A i  ~ . T i ' J ~ . + i i l  

JY#i.!II=YHI~ 

T£~Y;$TN £r~ ~'. I' l , i ' " ;  %:"" [7 . . . . . . . . . . .  u , . . ,  (.,~.h. "~O ,'~ " 

J'!H~?I=YM-AX 
Wi,I t I  In t i - -W i • ,*';A 

• . , "  ....... ,-- . . . . . . . . . .  20 TO .-~0 

P~),.IT t'kl! :~ 

V! £GT-TVI6~T 

, Z A w I ' ; | ~ ; I  

~..~K,.,-Y.,.NT . . . . .  ~;~;rr 
~ T T ~ H C  

FORHAT(I~) 

P ~ e  

I - D - 3 1  



PDP-II FORTRAN-77 V4.0-! 
F~OT,r=N,2O= 

004~ 
0047 
0043 

C 
m ~m 
LiOu~ 
00~3 OO~q 

,Z~o 
C 
C 

0061 

O0~S 26 
OO.i,6 
OO~7 

CO~? l 
• }070 2 
0071 
0072 
,}07~ 
,%,74 
;37: 

0077 
1 ATe 
f,,'%T~ 

g'J~q 
{'{,~,I 3 

C 
P 
w 

'j%¢. ~; 

. J~/ ,.i 

V .~. 

']9?2 
V ~ ; o  

-~0~,5 .~, 

i0:2~:40 14-Mas-~4 Fa~e 2 
IF77/TR:~LOCKSi~R 

LEVEL:63 
~GL:O.O 
ORIGIN(1):!O 

~RIGIN(2 ) : ! I  
LL CLDFPI(LEUEL,SBROUP~ARBL,SC,~ELL,ORI~IR~V!EW, 

R~CD,NOATT,BPECS) 
OPEN (UNIT:9,FILE:'QSt:Z~O,ISIPLOT,DAT',STAT~S='OLD') 

IF{RO.EO,I) OPER{UBIT=8,FILE:'~t:Z~O,!S]PTE~P,~T',~TRTU~:'OLW) 
IF(RO,EQ,2) OPEN{UNIT:~,FILE:'Q~I:[50,I~]PRY~AS.~T'~T~TU~='~L~') 
IF(RO.EQ.~} OPEN(UNIT:bFILE:'~BI:E~O,13]PHYLI~.DAT',~TA~S:'OL~'} 
IF(RO.EQ,4) ~PEN(U~IT:B,FILE:'~SI:E~OdS]P~O~.DRT',STATU~:'OL~') 
IF(RO,EQ,5) ~PEN(UNIT:S,FILE:'~I:[50,!~]PVI~CO.DAT',~T~T~S:'OL~'} 
!F{RO.E~.~) @PEN(UHZT:~,FILE:'~SI:[~O,I~]RTE~P,DAT',STATU~:'OLD". 

IF(RO.E~,?) OPE~{UBIT:~,FILE:'~SI:[5OdS]RCONC,DAT',ST&TU~='OLD') 

JffAX=R:÷2 
IF(RI.E.R,O) JH;~X=4 

DO i I=!~10! 
,,E . . . . .  ~I{,E..E-=~..~.,-,., '.~iJ}~J:bJMAX} 
X:.D--A(1) 
Y{I).-A(JH~X) 
;;.~:T.--~;.~.,: I ,X{I},Y{I) 
Ct]RTI,~UE 

~'-'T:, - " I  

y ' ~ t . V - y  ; t "l 

,;,HA-{; L; 

90 ~ i-b{~ 
r.- :';; : ~, LT. XHBI) v"::~: v: .": 

t , ~ . . . . . . .  , , .  y ~ ; ~ v - .  ~ 

;C:V:  T'. ~T ' i~Ay; ',"~72~ .'Y. ; '  
Pn}'T~i H." 

E<=O 
|~I--v 

XX-->~X/': 0,,~ 

XX:XX~IO,O 
" " - ' ;Y  ~- i ° '  T~ 
.HX#4X-! 
BO TO 4 
IXFRST=XHIN/IO.Ot.t~iX 
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POP-It . . . . . . . . . .  FuRTAA,+-;x V4.0-I i0.+0.40 14-Ba~-~4 
" ~ +  ~ T  " m ~ m  ; C 7 - 3 T  ~+  I ~ + ~ + ~ / l J  " -uu~.r.R,~u~ ,.,/,.n.LuuK~,.R 

Pa+.e I 

001 
~ V V ~  

0003  
"¢04 
005 

+14 

0017 

.)2Q 
0021 
n~22 

u025 
gO~ 
"}27 

uvoV 

On31 

L ~+--++ 
"4+:,, 
J ~  

' '+i: 

42  

; ;  ,+"+ .,~ ++i 
+ s + ~ +  

;+,~,++5 

C 
C 
C 
C 

C 

C 

,+.. 

C 

REAL~4 X,Y~XFRST,YFRST~XLAST~YLAST,XHIH,XH~X,Y~IR,YHAX 
REALI4 A 
INTEGER~2 i,N,~tX,HY,IXFRST, IYFRST,IXLAST,IYLAST,IX~IY 
INTEGER~ JHAX,J~NN 
DIHENSIO~ X(IOI)~Y(I~I)~IX(IOI),IY(I01) 
DIH~ISIOH A(12) 
DI~ENSIO~ XTICK(&),YTICK(&) 

R R=AL~M AHGL,SC(2) 
CHARACTER~2 RRI 
~HARA~T=R+~+ 9~HFIL>DG~F 
CHA~CTER+7 C~X+CHY 
CH~RACTER:~ CELL 
C~ARACTER+4 YLABEL(6) 
I~TEGER~2 TRPtS),TSP(6)~TS(7} 
!BTEGER~20BUFF(I}~I~ 
I~TEGER~2 IBUFF(9},ITERR~LEVEL,GGRCUP(2).VIEB(2),RTNCD~RC,RI 

IHTEGER+2 TSKCi(2)~G+LE(7)+~HATEV 
IHTEGER~4 IO,ibORIBIR(2)~OR(IO) 

EOUIVALEHCE i~O~!BUFF(+)) 

E~UIVALERCE (!~,!BUFF(~)} 
EOUIVALENCE (IbIBUFF+B)) 
DATA G~ROUP/O~/ 

~ATA . . . . . .  ~ ~ . . . .  

T....,+ll.,A,l"4w+ ! ,  .I...c,.-' " ~ w . b t ~ u ~ . ~ . t ~ w *  ~.m~nl #WJl+,l.,.¢+.,. , -  i,P,.,.. 

. I ; . ,  P . , ~ l  . . I . . . ,  t . . . . .  , 
~ H ;  ; . .  + , + ~ ' l a v , + , 7 + , l . l , . + .  + . T + + + . = +  

"" " I f +:~,.+ SWP~FI{ In; i) 

CALL ~ W F ' - ~ R ~ . + . ( ! I :  ! ? 

r . . , ,  ' : / 7 ;~+"T-+Tz~}4TT!  ,'C:.~J~l I+" q ~ . . . : ~ s ~ T M P P ; ' i  

C i .+ ; :L  : ' m  I : - . :  L : . T  I . . ; + : U + ' + ' : . , ' , . D . . , ' . . : .  , n T.+.a. _ +~.,F, +,',;I,.A,E,,,. . . . . . . . . . . . . . . . . .  n,SC,,~ . . . . . . . .  
,~,-1;.-.:~,.1~$ . . . . .  P.,.i 1 + .~r -+ .  _ ~ n " + ' ~ r ' . :  

.__.____,-.=',:..~;,~L~*. " . . . .  - , , - . u , ,  . . . .  
• +,,-. m..?. ~ - ~  : 
; r  ' r .+,~, j + +l: 1".-ELL= "PC]PtC' 

IF",F;O,E~+ 6 )  . . . . . . . . .  m-.. 
I F : , : C , E G , 7 : -  r . : ,  j ._  . . . . . . . . . . . . . .  .~.r.;,~,l~J 
iF{5"5,E{!,B} CELL:'RHYLI~' 
T m'~, .P~. m '+I ' - t  -P, " ~ '  .F(,", . . . . .  7)  UE;L- ~COP.++'+ 
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PLOT.UCM 

(USER COMMAND PROGRAM) 

Sohno/dor 
Consulting Engineers 

I I I  
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t 

L: 

f 

F: 

O TC, I -~D. l ;.~_ SET .,0~I .... -~,~NTRL. ~'~' 

F, EY . . . . . .  LV-~ 

.~:EY 'AA=O' 
KEY 'UT:I' 
KEY 'FT:iC-' 
I.:EY 'TH: : .  1" 
,~.EY ' T ~ = : . I '  
SET RO:O 
~ET Rl:.r;. v~ ,  
CHD T,,J~o 
KEY 'DR:DO~E~IU.~T' MSC '=:' : 

MEG , .,,T.,,~_-, :.n . . . . . .  

T?,T t'IU~ E~ ~,rE): 

GO A 

~ET RO:~EY 
TST KEY E.'] .~,H 

T~T I':EY EO T-,H 
~o j 

GET P,K~P.,K;K,L,C,R 
TST NU. W. E~ ~,EX 
MSG '~'~"'-"~ :~ I~IFUT? F..~THR ,a . . . .  ;'l{$ ~'I i ,"I 

SET ~::KE'; 
CMD UPD~T2 

WW~a v 

,w, Hr~ "HTC.'-:H TO ~:,T, 
GET P~F,R,E,K~E~C~E 
TST NU~ ER ~.-EX 

EET :~-v:,,, 
SET ~ ""-" 

~JT ,.-,~nT. 

, , ~  'H~UC E{ITE~' 

END 
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DATABASE SCHEMA 

I I I I  

khneider  
ConsulUng Engineers 

I I 
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~R='OBI:E~O~I~]SZHI.PRT' 
.m  'J - .~  r" l  4 = ~ t  }~- ( }SI , [o ,  ~I,~.StH.,D.,,  

# 

I ,  PRO~S~.CO~ITIO~iS I ) . -  QB . . . . .  7,,,CO~])t..=:.-'-.~T nrr-:.-.~ 
• 1 LIE.I)EBIB~TIO~ ,=~'~-,~,,,.., 
• 2 FLO~_RATE.~LIER, Y F=~ 
o] FLO~.RATE.GAS F=F 
,4 T ~ , ~ T I J R E  F=F 
,~; HYIL~HC.GAS F=F 
,~ HY~.L"I]HC-LIO F=~ 
• 7 ~ , . ~ E C t E B . 1  F--F 

• 9 CO~_S.ECIES.~ F=F 
• 10 CO,~C_BPECI£L4 r, =.-, 
• 11 rm~r ==rr~.'= ~. F=F 
• 12 ~IC.S~CIE.R.~, F=F 

. . . . . . . . . . . .  F=E 

,I~ ~H,,.SP~C . . . . .  r-" F 
,1~ I~NC.=PEC..=..v F=F 
,17 ,~PARE..A F=F 
.IB ~PARE_B F:F 
• 17 ~PARLC "" " : ' ~ - : ~ = :  
• :0  ~PARE.D r-"  • "..'.,',.-.~n 
• .~I SPAF;':._E r -.~,R,,;, 

2 ,  EOUIPH~T.C~.T ='=0 ==- '~ - : ' : - ' , ' .  : ' - : : ~ , " : , ' n  . . . .  : ,  n~-~nr .  
. I  El~UI. EH~_: ~. : :-,. XJ "~.0;' 
,2 C~IT~.C;]BT '; :'-" 

.~ FIX~_F.~.~T ~:.-" 

,7  E, PARLA -:F , 
e-  

,,= B,~RLC =-~. . ' ; * - ; ;= ;  

• 12 ~PA~..F F:AH< ~C-" 
• 13 L~%'P.. ;':~,R{21 

II~--37 



SOURCE PROGRAM, TO ATTACH DATA TO GRAPHICS 

Sohnoldor 
ConsulUng I(nglnoors 
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SET 
KEY 
~ET 
~T 
S~T 
K--"Y 

3ET 
PHT 
P~T 

r,P 

3ET 
PHT 
PHT 
L"I~T 
wm= 

~ZT 

P~T 
PP~T 

,%Y 
CHI) 

B~T 
PRT 
P~T 
S~ 
KEY 
CHI) 
~T 

P!~T 
PRT 
HF,~ 
UCH 

COHTRL=CO~ITRL! 7~3 
'RA=I,;,I!" 
IO=~;O00000 
It=?~O000000 
M~G='~E=1.:,i=~O47Preheabr In !e t~7 ! '  HS~ 
~TCPTO 
12=10÷2~52~ 
I~=It÷43712 
12,13 
100071000 
HS~='AE=1,:,i=~O~TPreheatsP ~ut!~t~0471' 
HSG 
ATCPTO 

12,1~ 
100071000 

Hou 
~TCPTO 

'RA::, : . I ! '  
HSG:'~E:2.:.i=gO47F~eh~aWrg047!' 

ATCPTO 

I~-T~Lzoan~ 
I2rl~ 

ATCPTO 

!2,!~ 
!000,i000 
'P~UCH CO~PL~T~" 
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SOURCE PROGRAM FOR DATA ENTRY INTO DATABASE 

khneider 
Consulting ItngIneors 
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?ATAINI, FTN ~ 2 / ~  ~w~,m n~teR ~u~ 
Pa~e I 

0001 IMPLICIT !HTEGEF;~2 (A-Z) 
U A T="C, "~ 0002 C,,AR~,C . . . .  ~30 

)003 CUARACTER,~O LINE 

,~00~ REAL v ,,I ' ,~ ATA. IA~ .  

C 

. . . . . .  =E"I'C,,,A..A,,b~, ) STOP . . . . .  

1~3 OPEN ('JHIT=!,~ILE='~=I,r;~d.;= H , ~  ~=T~P'=='OL9 } 
{ 

0154 ~0 I I=b~ 
• ,~,J 1 READ(t,2, ~ 
15~ HRITE(5,~) A 

, tu=,  ~.., v . ~  

' 1 " t  D ~ / t . ' Y .  1 Vl 

n l . ' n  ~ J ~ , T T C ' / ~ , " ? ;  X !  

A147 U." .TTC:  ~... ~ ~ ~; 

C 

~-o ~ : ~ r , . .  ~.: LINE 

a17 Z c,lrnnc-~ . *~ . - . ,  • LI~E 
¢ ~ V  . '  C . ~ D W / ' . T / ~ I . I  ' I :  t ~ . h . ~ U  , , .bt~f ~ t ~ t~ t | l l  | S / ¢t.b ? & 9 f f d. n ~ v  # ~ l l  . $ 

017S : r n=t~n ~, , 
t ' .  '. 

' . ' ~ 1 S 0  : c t c c w ~ t r m : r . r = . :  ~ ~ :w~= . ' " u v a -  ~ ,  

0 1 ' ~ 4  c H o n n c t ~ ' . ' J . :  ~ :( 

IH7 ~¢. . .n~: .~  , 

0!90 ,o c~=~Tt~m. .1  . ~-;.-~.a , ' , " u , , ~  

L?2 READ(D7} X 
,.i ."~ U D T T ¢ , '  ~ ; . ~  X 
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,~-'~.... FORTffAH-77 V4,0-I 
I)ATAINI.~N~2 

0194 " 
0!95 10 
rHO~ 

01~7 
0198 
0199 
0200 
0201 
0202 
020:3 
0204 ~ ~k,k 

~ "v , J  

A~ ..:0~ 200 
0207 

0209 1~ 

v* .~v  
Oal. 12 
0212 

0214 
021~ 

. . : ,o  14 
A~40 

0220 

022~ 

n~'~'? 400 

~' .n  300 

0232 

vvtl, *~w ,m,v ,*w~ w, 
, F , , , T  ............. W,, 

E, ICO~.E(~ , . , .  ~ , L ,  X 

T I 0  T IPU 1 

,J.,IrJ A 
EtDTTCfl¢, '?i ;~ 
i*~ t L. i,¢14.s 

I)0,~ n • .0 .  K:I,NO,t=EC 
K! =K÷~ 

~RITE(5,7) .~" 

FORHAT (~H! ~ ! .  : . . . .  ,1 : , :~ .~ .=  ,."1 ~. "., '~,~' l '~ 
. T : . .  ' PU)I~" 

t-n T~ ~)IT.,IUE 
.[ '  t !  F; .A1) , ,  , .- ) 

COHTIHUZ 

.nO 12 ~-~-~- 
~EAI)(I,~} A 
~P,,ITE(S,D A 

RC~Tif l.ill Lit(Z 

FORHAT'I~X,A2~' 

~0 400 K- . ,~  
L't -V'I 
Dc~rlt ( .?i )( 

"Ic'I~E'Sr!" X 

~ f ~CTPQfPU~P .P  ~ I '~ ~, ,p~kl~.c!, 
P~ITTUH¢'  

EE~O(I,:) 

PrI~TTHII~ 

T~'t~CTPI)'TtCT~PU'AIt ~,TO) "~ETACH" 

CLOF, E (UNIT='} 
STOP 'JO) )O,~(Z ~ 
END 

PJ~ 2 
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SIMREPORT.UC~ 

(USER COMMAND PROGRAM) 

Ill 

Sohneidir 
Conxultlna Inglneere 

fill I 

I-D-44 

_ 11 I I I III 



SET 
M~G 
MSG 
BET 
CHD 
KEY 
,~:EY 
I,:EY 
HSI3 
UCH 
EHZl 

COHTRL=COH,~,,L ! 7~S 
'CF GRAPHICAL REPORT" 
'ST CBS TO EXIT' 

~ . = ~  Ot ~ ~ R ~ DPD DT DT' H~G O~..E~Orl.3.IH,.=,O .... R, . 
REFORT 
I /  

t t  

HSG 
'ST ~ORHAL EXIT' 
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SIMREPORT.RPT 

(OUTPUT ~ORMATING PROGRAM) 
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::U(2} 
~-~u,Ll,, 0 . . . .  u.,.u]..HRE. ORT.OUT 
C'T 

L=3,1 
V='CORPREHE~ISIVE GRArHI~,L-R.PO..T ,0.45, 

L=O:! 
V:'gATE: ',0{I0) 

V=%p%,~,'?~" 
L=~,O 

U='CAPITAL',O(30) 

U='VARiA~',O(90) 
LeVy .. 

- , % . ,  
=~  Y U 

:C,2 

e~.r, ~--L" 

L=:,C" 

9='COST',0(~7) 
e ~  w ~ w ~  ~ w ~ w ~ l  

V='~ST',O(92) 

V='( ~ }',0(31) 
V='{~/YR)',O(4~) 

V='(~/YR)',O(7~) 
V='~$1YR)',O(?!) 

V= . . . . . . . . .  ,0(30) 
V='- . . . . . . . .  ',0(45) 
V= . . . . . . . . . . . . .  ,0{~0) 
V=' . . . . . .  ,0{7~) 
V= . . . . . . . . .  ",0(90) 

~=E(2)A(1),O(IO> 
V=E(~)A(2),O{30),'EIO,4' 
V~E(2)AC~),O(45),'EIO,4' 
V=E(2)A(4),O(60},'EIO.~" 
V=E(2}A(~)~O(75),'EIO.4' 
V=E(2)A(~)~O(?O),'E!O.~" 

=F 
L=I,0 

V='- . . . . . . . . .  ,0(~0) 
V='- . . . . . . . . .  ' ,0(~5 
V='- . . . . . . . . . .  ~O(~O) 
V='- . . . . . . . . .  " ,0(~)  
V= . . . . . . . . . .  ",0(90) 

V='Tot~I',O(IO) 
V=÷E(2)A(2;~O(3OJ,'EIO.4' 

V=÷E(3}~(-4}.O':~),'EIO.~' 
V=~E(2}A(~),O(,'~),'EIO.¥ 
V=÷E(2)A(~},O(90)~'EIO.~' 
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BATE: 5!071S4 

COMPRE'H.EflSIVE ~RAPHICAL-R, EPORT 

PAGE ! 

CAPITAL OPERATIRB MAI~TEfl£flCE 
COST COST COST 
( $ ) (~/YR,) (~/YR) 

FIXED 
COST 
($/YR) 

VARIABLE 
r~T ~ww# 

{~!YR,) 

Prehe~ter 0.66,,D+.~ 0.436BD÷09 0,1SSZD÷07 0,I005D÷07 

To%~l 0.I~06D÷09' O.4~BSD÷09 0.~569D÷07 ~.195~B÷07 0.~6D÷09 
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