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TECHNICAL MEMOEREANDUM

COMPUTERIZED ATMOSPHERIC TRACE CONTAMINANT CONTROL SIMULATTON
FOR MANNED SPACECRAFT

INTRODUCTION

Buildup of atmosphernic trace contaminants in enclosed volumes such as a manned spacecratt
may lead 1o potentlally serious bealth problems for the crewmembers. For this reason, control
methods are implemented to minimize the concentration of atmospheric contaminanis 1o levels that
are considered safe for prolonged, continuous exposure. Methods employed 10 achieve these levels
arc classified into two major categories—passive and active. Passive control refers o the malerial
sclection and control process to which all bulk materials and assembled articles must be subjected to
qualify for flight onboard a manned spacecraft, Criteria included in ihis process are flammability, odor,
and offgassing characleristics. Through this screening, the uncontrolled production via offgassing
mechamsms of atmospheric contaminants from materials used in the habilable areas of the space-
craft are limited, but not eliminated. Active control methods musl be wsed o provide the second level
of contaminant control, Activities such as food preparaiion, housekeeping, and personal hygiene
contribute o the base contamination load found in the spacecrafl atnosphere. Contaminants are also
produced by crewmember metabolism, eaxperiment hardware and operations, and spacecralt hard-
ware gperations. The activilies onboard the spacecraft combined with material offgassing produce
contaminants in sutficient quantities that the atmospheric concentration may build up 10 levels which
the crewmembers may find irritating or possibly intolerable. Therefore, the total contamination coa-
trol approach requires both the passive and active approaches.

Active conlaminalion control can be achieved through various means. Typical technologices
used onboard manned spacecralt include physical adsorption on granular activated charcoal or other
adsorbent malerial, chemical adsorption using impregnated grannlar activated chargoals and granular
lithium hydroxide (L1OH}, ambient temperature catalytic oxidation, and high temperature catalytic
exidalion. Other means which are significant include remowval by abserpiion into humidity condensate
and spacecralt atmospheric leakage. These latter methods are not specitically designed to remove
atmospheric contaminants, but have been shown to be significant when the olal contaminant
material balance in a spacecrafl is considered.

Designs for active contamination control hardware have evolved from single granular-
activated charcoal canisters used onboard earlier manned spacecralt, to a regenerable molecular
sieve adsorbent used onboard the Skviab orbital workshop, Space shuttle and Spacelab programs
use layered adsorbent canisters containing nonregenerable adsorbent and ambient temperature
catalytic oxidation malerials. Fulure contamination control hardware will build on these technologies
to include regenerable adsorbent materials and high emperature oxidation calalysts.

Designing these contamination control devices is difficult since they must be designed with-
out thorough knowledge of the overall load that must be controlled. Historical data from past manned
missions are important for understanding the loads from offgassing, crew metabolism, and house-
keeping sources, This information forms the basis for a generic spacecraft load model which can be
used for hardware design purposes. As the spacecrafl design matures, the contamination control
hardware is refincd by replacing the load model data with data for the actual [Light hardware.




Ultimately, the spacecraft and contamination control designs converge, The final result is a robust
contamination control hardware design with sufficient margin which allows a wide range of hardware
and activities to be accommodated onboard the spacecralt with no adverse effects on the crew-
members” health,

COMPUTER SIMULATION BACKGROUND

In the past, designing centamination control hardware required extensive testing 1o charac-
terize and select the appropnate control technologies. Capacities for granular-activated charcoal and
other adsorbent materials had to be determined along with development of theoretical approaches to
nredicting the performance of future contamination control hardware, Early efforts to select technol-
ogy and design hardware for spacecraft contamination control hardware began during the Apolle pro-
ject. Smdies conducted befere 1965 by Lockheed Missiles and Space Company in Sunnyvale, CA,
developed early spacecrall contaminant load models and selected candidate technologies,1 23 These
technologies have been the basis for designing contamination control hardware for manned space-
craft ever smce. More detailed studies on adsorption and catalytic oxidation followed, High tempera-
ture catalytic oxidation was studied by Olcott?* and contaminant adsorption by Robell, et al.5 by late
1970. Tn his work, Robell developed an extremely useful comelation for predicting the loading capac-
ity of granular-activated charcoal by using the potential theory developed by Polanyi,® This work
became the basis for computer simulation of adserption processes 1o be uscd onboard mahned
spacecraft for atmospheric contamination control. The first generation simulation program was
developed by Olcott before May 1972 using the technique developed by Robell,? By 1975, a proto-
type contamination control sysiem had been fabricated by Lockheed, and the first generation com-
puter simulation program for adsorption had been used under NASA contract NAS 1-11526 to ana-
lyze the hardware performance.®

Work continned 1in characterizing contamination contrel technologies, and low temperature
exidation catalysts were studied in 1977, That same vear, the first integrated computer simulation
medel for spacecraft atmospheric contamingtion control was developed by Jagow, el al. at Lockheed.?
This program was specifically tailored for analyzing the pecformance of the Spacelab conlamination
comrol canister which consisted of two layers of adsorbent material followed by a laver of low-lem-
perature, carbon monoxide oxidation catalyst. This program was modified and released later in 1977
&s a general compuler sinulation program capable of simulating any spacecrafl contamination control
system given the appropriate input data.l9 This basic computer program was used for design and
preflight performance analyses for Spacelab missions.

Little work was conducted on the basic computer program until NASA contracl NASB-36406
produced a new release of the computer program in 1986 which featured input data manipulation
using commercially available spreadsheet software and operation on a personal computer, This pro-
gram version, designated version 5.0, was vsad as the basis for Space Station Freedom contamina-
tion control hardware design.!! Improvements since 1986 have included further enhancements for
input data manipulation, a routing 1o calculate the toxic hazard index, improved simulation of humid-
ity condensate absorption, and improved output data manipulation flexibility. Written in FORTRAN
T17, the program can be run on IBM-compatible personal compueers (version 8.0 Alpha), Digital
Equipment Corporation VAX mainframe computers vsing the ¥YMS operation system {version 8.0
Bela), and Apple Computer, Inc., Macinosh® computers (version B.0 Gamma). Table 1 summarizes
the progression of the computer program from ils initial version in 1970 to the present version which
wias completed in April 1992,




Table 1. Awtmospheric TCCS program development summary,

Version

Release Date

Remarks

1.0

May 1972

Initial program version developed by Lockheed for
asscssing charcoal bed performance using cmpirical
charcoal loading data. Documented in NASA
contract report NAS CR-2027,

2.0

MNovember 28, 1975

Improved program version vsed by Lockheed for
prototype contamination control hardware
performance predictions.

3.0

January 15, 1977

A pencralized program developed by Lockheed
bascd on versions 1.0 and 2.0 to predict Spacelab
contamination control system pecformance.

4.0)

September 1, 1977

A revised version of the Spacelab computer program
which simulated more general contamination control
systems designs. This version was developed by
Lockheed.

3.0

September 5, 1986

The first version developed by Lockheed specifically
for personal computer use. This version greatly
enhanced data input capabhilities,

6.0

hne 1, 1989

Version 6.0 added the calculation of the toxic hazard
index, This version was developed by the Boeing
Company and MSFC personnel.

T0t0 7.9

August 2, 1980
through
Apnl 1, 1992

Versions 7.0 through 7.9 were developed at MSFC,
This progression improved the ability of the program
10 simulate transient contamination ¢ases and an
improved humidity condensate absorplion routine
hascd on Henry's law. Charcoal bed breakthrough
calculation instability was corrected using a
Newton-Raphson method and user interaction was
improved.

8.0

April 10, 1992

Chutput routines were modilied o allow data output
for cencentration, efficiency, and toxic hazard index
to separale files which can be accessed by
spreadshect programs for data analysis and
plotting. This version was developed at MSFC,




SIMULATION PROGRAM OVERVIEW

Computer Hardware Requirements

The trace contamination control simulation (TCCS) computer program is written in
FORTRAN 77 and can be run on TBM AT-compatible personal compulers running the disk operating
system (DXS) version 3.0 or higher, This version requires at least an IRM AT or compatible
machine with an 80287 floating point processor and a minimum of 512 kilobytes of memaory, Upgraded
persenal compulers using a 386 or 486 processor are preferred since they provide more rapid cxecy-
tion. The program is compiled and linked on the personal computer using Ryan-McFarland
FORTRAN version 2.42,

A similar version of the program, version 8.0 Beta, allows operating on a Digital Equipment
Corporation VAX mainframe computer which uscs the VMS operaling system. A 50,000 block disk
allocation is recommended to accommodate files produced by a large simulation. The program files
accupy up to 3,000 blocks of disk space. The mainframe version may offer increased speed and disk
storage [or very large simulations; however, recent improvements in personal computing speed and
disk storage capacity have made (his version less desirable especially since input dala files are more
casily created using a personal computer and uploaded to the mainframe computer. This makes a
personal compuler with file transfer capabilities an important hardware requirement for using the
mainlrame version.

version 8.0 Gamma, which runs on Apple Compuler, Inc., Macintosh machines, operates
similarly {0 the Alpha and Beta versions. The Macintosh user interface, which uses a mouse and
pop-up menus for input file management, makes the program even more uscr-friendly by requiring
[ewer commands to be eniered from the keyboard. It is recommended that this version be run on a
Macintosh I family machine with 8.0 megabyles of RAM and Macintosh System 7 operating system
version 7.0 or later.

Inpui/OQutput Data Manipulation Recommendations

Input dala is manipulated vsing commercially available spreadsheel software. The program
can read inpul data using both space- and comma-delimited formats, while output data is produced
in a space-delimited ASCIT format, Because of these program input and output data formats, it is
recommended that the Lotws Development Corporation (Lotus) soltware, Lotus 123® with
Printgraph®, be used for input data generation and outpul data manipulation for the personal com-
puter version, This software can print to a file in the space-delimited ASCITI format required by the
program and import program output data directly without any additional processing by the user.
Other spreadsheel programs may be used, such as Microsoft Corporation’s Excel®, lor input (ile
generation, but the user must save the input files in the comma separaled variable (CSV) format,
The ASCII-formatied output data produced by the program requires additional manipulation within
the spreadshect program, such as using the parse function, to allow it to be analyzed if Excel is used
for ontput data analysis.

The mainframe program version input and output data manipulation is more difficult. 1t is
recommended that input data files be prepared on a personal computer using Lotus 123@ and
uploaded to the mainframe, Text files may be created using the VMS cditor; however, managing




these files is more diflicult than using a spreadsheet program. Some output data, such as dala o be
used to generale plots, should be downloaded and manipulated using the personal compuler spread-
sheet software or other commercially available data plotting software.

The Macintosh version of the program should use the Microsoft Corporation Excel spread-
shect software for inpul file preparation and ouipul data analysis. Input files prepared using Excel
musl be saved as a CSV file for the program to read the data. QGuiput data produced by the program
may be imported into the Excel spreadsheet and then the parse function run to place cach number in
a spreadsheet cell. Data plots may be preparcd using Excel or the data may also be loaded into other
popular Macintosh ploting software such as Cricket Graph® or Kaleidograph®.

Calculatlion Overview

The TCCS program calculates the cabin concentration of specified contaminants given a set of
contamination contrel devices as a function of time. Depending on the output data selections made,
data for each basic time increment may be output detailing the current contaminant cabin concentra-
tions, their comparison to the spacecraft maximum allowable concentrations (SMAC’s), the removal
rate for each contaminant in each device, the cumulative total conlaminant mass removed by each
device, the increment device single pass removal cfficiency for each contaminant, and the toxic
hazard index.

Input Data

Input information consists of the names and properties of each contaminant, the order and
design characteristics of the removal devices, and time dependent data such as changes in contami-
nant generation rate or removal device flow rate as a function of time. These input data are read into
the program using three separatc data files, The first file contains contaminant data, the second
contains removal device definition data, and the third contains time dependent data. Files are used
for input to minimize repelilive input by the user.

*moval

Removal device configuration is provided by a rouline which allows up o 15 (olal devices
with parallel and series arrangement. Up o three devices in parallel can be placed upstream of any
removal device. The program simulaws nine removal device types. Two device types, the cahin and
leakage, must always be included in the device definition file, Modular programming allows for quick
revision or addition of device types if necessary; however, any inlernal modifications require recom-
piling and relinking the program.

A discrele Uime increment approach is used by the program which uses contaminani concen-
tration from the previous increment as the initial concentration. The final concentration is calculated
based on the device configuration, contaminant generation rale, contaminant removal rate, removal
device ctficicncy, and other specific information relevant to that time increment. This approach allows
flexibility which simulates transient situations such as inadvertent contaminant releases or other
time dependent contamination ¢vents, The calculation data are stored in matrices which increases
the program execution speed.




Since contaminant properties can vary with respect to ease of removal and cabin concentra-
tion, small time increments would be the most accurate for any given simulation, However, the pro-
gram uses a log-mean direct solution approach combined with a Newton-Raphson convergence rou-
tine to allow much larger time increments which significandy reduce the compuigt runtime requirad.
This approach produces an exact sclution during steady-state conditions with constant removal
device efficiencies. This is normally the case during a simulation, but efficiency may vary in some
gases, such as for a contaminant that is breaking through an adsorbent bed. In this case, the
Newton-Raphson convergence technique combined with decreasing the time increment to one-
rwentieth the size of the basic mcrement for that contaminant only provides the desired calculation
acourasy without affecting the overall run litne.

The prediction and convergence routines use the Newton-Raphson technique to ensurc that
the removal device calculations are made with the proper contaminant inlet concentration.
Contaminant concentrations are predicted using removal efficiencies of the previous increment and
the generation rates for the present increment. Actual device efficiencies and contaminant concentra-
tons are calculated by the convergence routine and compared to the predicted values. This process
continues vntil the predicted and calculated values agree within a specified error.

If convergence is not obtained for a contatninant, warning stalements built into the program
alert the user. In addition, cther warning statements concerning inpol and output are provided to aid
simulation diagnostics. Print options are provided o allow prigting the ¢ontents of calculation
matrices and convergence values. These options allow quick idenlification of problems with the input
device configuration or contaminant data.

Quipul Dala

Program output daty consist of standard formatted output with column headings and page
numbers and interactive formatted cutput to files for data plotting. Standard formatted data oulput is
specified using print switches in the device definition input file while plot data ocutput is specified
interactively, Standard output consists of the contaminant name, cabin concentration, SMAC, and a
designation of whether the cabin concentration exceeds the SMAC. Also, the standard print
switches allow the contaminant removal rale, cumulative mass removed, and removal efficiencies for
each contaminant in each device to be output. Standard outpul may be directed to the computer
terminal screen, a specific data file, or a printer, These data include page numbers, time increment
identification, and other information relating to the time increment. Interactive output decisions are
made by the user to produce separate files containing concentration, device efficiency, and toxic
hazard index data as a function of time, These files are in a spreadsheel format and can be imported
te a spreadsheet to allow manipulation and preparation of data plois. The toxic hazard index is also
interactively sent to the standard formatted output in addition to a plot file if desired.

PROGRAM OPERATION

The computerized atmospheric race conlaminant control simulation program requires 33
FORTRAN 77 routines. Figure 1 shows a block flow diagram of a simulation of an atmospheric
contamination control case. An operation description for using this program includes instructions for
preparing input data files and operating the program.




READ
DATA

'

INITIALIZE
MATRICES

1

MAIN
CALGULATION

LOOP
INCREMENT
TIME ¢
STEP

i PRINT
INCREMENT
DATA

NO MISSION

END?

PRINT
FINAL
ANSWERS

Figurc 1. Simplified computer program flow chart,




Input Daia File Preparation

Before program operation, three input files mmst be prepared 1o define the contaminant
properties and generation rates, removal device configuration, and time dependent inputs. These files
are created using commercially available spreadsheet software which is capable of producing space
delimited ASCII files. Lotus 123 is the preferred spreadshest program for creating these input files.
The print-to-file option n Lotus is used to send the appropriate data range to each file. These files
are read by the program, and the data is placed into calculation matrices NN, CDI, DI, and TT.
Matrix NN iz a 1 by 300 matrix containing the contaminant names, CDI 15 & 23 by 300 matrix con-
taining contaminanl physical properties defined in table 2, matrix DIY is a 15 by 22 matrix containing
removal device design and configuration data defined in tables 3 and 4, and matrix TT is a 7 by 300
matrix containing time dependent contaminant generation rate and device flow raie data, The matrix
sizcs arc adjustable; however, the personal computer version is limited 1o 300 contaminants so that
the contaminant matrix does not exceed 64 kilobytes 1o provide a more rapid run time,

Table 2. Required contaminant physical properties and generation dala.

Contaminant Property Units and Remarks
Contaminanl name 30 charcter maximum
Cabin generation rale mg/h
Liguid density gmécm® (cabin conditions)
Molar volume cm3/gram-mole (cabin condilions)

(0 = no charchoal removal)

Molecular weight gm/gram-mole
Vapor pressure mg/m? (cabin conditions)
Henry's Law constant atm/mole-fraction
Lithium hydroxide remowval Iby LiOHAbg, contaminant removad
{0 = no removal}
Chemical category According to NHB 8060.1B Appendix D
Maximum allowable concentration mg/m?
Generation rate in devices 3 to 15 mgth

Degree of oxidation in a high-temperature {J =none; 1 = fully
oxidizer
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. inant Data Ioput File Pr .

The contaminant data input file contains the contaminant names, physical properties, genera-
linn rates in the cabin and cach device, and the degree of oxidation in a high temperature catalytic
oxidation process. These data are read into program calculation matrices NN ana CD1. Sample mput
is shown in figure 2. Data required for cach column of the contaminant data mpul file are the

following:
1.

2.

103

11.

12.

13.
14.
15
16,
17.

1B.

The contarninant sequential number, | through 300

An apostrophe to enclose the contaminant name as required by FORTRAN 77/

. The contaminant name up to 30 charactars

An apostrophe to cnclose the contaminant name

The contaminant cabin generation rate in milligrams per hour (mg/h)

. The contaminant liquid phase density in grams per cubic centimeter {gfem?)

The contaminant molar volurme in cubic centimelers per gram-mole {(cm3/gmole)
The contaminant molecular weight in grams per gram-mole (gfgmole)

The conlaminant vapor pressure at the cabin temperature cxpressed in milligrams per
cubic meter (mgfm3)

The water solubility for the contaminant expressed as the Henry's Law coetficient in
atmospheres per mole fraction (atm/mole (raction)}—enter a zero il the compound 15
insoluble or no Henry's Law coeflicient is available

The LiOH removal expressed as the weight of LiOH consumed per weight of contami-
nant removed in 1by LIOH by, contaminant

The chemical group classification for the contaminant specilied in appendix I of NHB
R060.1B

The SMAC or other threshold value expressed in milligrams per cubic meter {mg/m*)
The contaminant generation rate at the inlet w device number 3 1 mg/h
The contaminant gencration rate at the inlet to device number 4 in mg/h
The conlaminant generation rale al the inlet 1o device number 5 in mg/h
The contaminant generation rate at the inlet w device number 6 in mg/h

The ¢ontaminant generation rate at the inlet to device number 7 in mg/h

11
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19,
20,
21.
22,
23.
24.
25.
26,

27.

The contaminant generation rate at the inlet 1o device number ¥ in mg/h

The contaminant generation rate at the inlet o device number 9 in mg/h

The contaminant gencration rate at the inlet o device number 10 in mg/h
The contaminant generation rate at the inlet to device number 11 in mg/h
The contaminant generation rate at the inket to device number 12 in mg/h
The contaminant generation rale at the inlet to device number 13 in mg/h
The contaminant generalion rate at the inlet to device number 14 in mg/h
The contaminant generation rate at the inlet o device number 15 in mg/h

The decimal oxidation efficiency per pass for the contaminant in a high temperature
catalytic oxidizer where 1.0 is [ully oxidized and 0.0 1s no oxidation.

Some general considerations should be noted when preparing the contaminant data input file.
They are the following:

1.

The molecular weights for ammonia, formaldehyde, carbon monoxide, and hydrogen must
be exactly 17.0, 30.03, 28,10, and 2.02 since they are used as flags in the program

The entire sct of information, columns 1 through 27, must be input for each individual
contaminant

. Each cell in all mawrices (contaminant, device, and time) must contain a valuc or a zero

The column width in all mainces {contaminant, device, and time} should be sufficient to
permil at least onc blank space betwegn the column entries

. Printing to a file should be unformatted and the range shonld exclude the first column

{contaminant number} and any colomn headings

The file must be created in one piece without any line feeds (except at the end of a linc)
Or carriage returns and the left margin most be set to 0 and the right margin to 240 when
using Lotus 123

. The conlaminani generation rates at the inlets of devices (columns 14 through 26) are for

cases where contaminants are generated in a closed or confined space and are passed
through a removal device(s) before entering the cabin (for example, a contaminant is pro-
duced in a experimnental working volume and is passed through a charcoal bed before
entering the cahin}

. Some contaminant physical property data niay not be available in the literature and muslt

be estimated using correlations.

13




E | Deyi inition [nout File B .

The device definition matrix, DD, contains the infermation which defines the removal device
configuration. This information includes the type of devices, their arrangement, flow rates, and
physical size or dimensions, Basic system data; such as the cabin volume, temperature, basic time
increment size, convergence error specification, and the muolticomponent adsomption coexistence
factor; are also contained in this matrix. Tn addition, program data ontput for standard formatted data
15 controlled from this matrix. A sample device definition file is shown by figuse 3. Data required for
¢ach of the first saven columns are the following:

1. The device number ranging from 1 through 15

2. The standard volumetric atmospheric flow through the device in cubic meters per hour
(m3/h)

3. Device type number as defined in table 5

4, Upstream device number 1 by device oumber {¢column 1}
3. Upstream device number 2 by device number

6. Upstream device number 3 by device number

7. A zero is entered in this column for all devices since this column is used to store calcy-
lated values during the program ran,

Columns 8 through 16 are specific for each device type. Data required for these columns for each
device type are the following:

ice Tvpe Number 1: The Cabi
8. Device decimal removal efficiency equal to zero
9. Cabin atmospheric volume in cubic meters (m33

1. Cabin absolute temperature in kelvin (K)

11. Basic time increment in hours (h)

12, Convergence error as decimal percent {recommended valves of 0.01 or 0.001)

13. Coexistence factor, approximale value of 1,20, t account for interaction or blockage of
conlaminants in granular aclivated charcoal beds

14. Not used for input therefore zero is input
15. Not vsed for input therefore zero is input

16. Not used for input therefore zero is input.

14
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Table 5. Device type number and description

Type Number Descriplion

1 Cabin
Cabin leakage
Axial flow chargoal bed
Radial flow charcoal bed
Lithium hydroxide bed
Carbon monoxide oxidizer

High temperature catalytic oxidizer
Condensing heat exchanger

WD =1 oA L s L B

Dummy device

8. Device decimal removal efficiency equal to 1.0.

Columns 9 through 16 for the leakage device are used to set standard formatted data ontput print
switches. These columns contain either zero (0) to tell the program not to print or onc (1) to tell the
program to print. Print swilches 1 through 5 are for diagnostic data output and print switches 6

through & are for final data output. Typically, print switches 1 through 5 are set 1o zero during a
normal simulation run.

S

10.

11.

12.

13.

14,

16

Set print switch 1 to zero or one to regulale printing the contents of matrices CC and DD
at the end of the precalculation setup routine, PCSET

Set print switch 2 to zero or one to regulate printing of the one-tenth increment conver-
gence routine for one time increment for ene contaminant (these results will be printed
only if the one-tenth increment routine is used)

Sel print switch 3 1o zero or one to regulate printing of the convergence values of pre-
dicted and calculated contaminant concentration for the convergence rontine CONVRG
for the standard and one-twentieth time incremenis {vseful if convergence problems
gecur)

Set print swilch 4 to zero or one to regulate printing of the results for one conlaminant
from the main calculation routine, MCALC, after the average concentration is calculated
(matrix DI} and part of matrix CC (or one contaminant}

Set print switch 5 to zero or one 1o regulate printing the contents of matrices DD and CC
at the end of each time increment

Set print switch 6 10 zero to print only the cabin concentration for each contaminant tor
each time increment or to ong¢ to print the contaminant removal rate, mass removed, and
device efficiencies in addition to the cabin congentration for each time increment




15. Set print switch 7 1o zero 0 allow form feeds between output pages Or 10 one 10

suppress form feeds between outpat pages

16. Set print switch 8 to zero to print calculation results specified by print switch 6 at the end

of the run only or to one to print calculation results at the end of each time increment.

1 : : jal Fl h

B, Maximum device decimal removal efficiency equal to 1.0

9

. Charcoal bed length in meters (m)

10. Charcoal bed diameler in meters (m}

11. Not used for input and set to 0

12, Charcoal bulk density in kilograms per cubic meter (kgfm3)

13

. Charcoal bed treatment type (1 for chromate treated charcoal [or formaldchyde removal, 2
for phosphoric acid treated charcoal for ammonia removal, or 0 [or untreated Charcoal)

14. Time of first regencration in hours {h}

5. Tim¢ interval between each regencration in hours (h}

16

163
11.
12.

13.

14.
15.

16.

. Regeneration duration in bours (h),
vi rd: Radial F ]
Maximum device decimal removal efficicncy equal to 1.0
Radial flow bed length in meters {m)
Radial flow bed outside diameter in meters {m)
Radial flow bed inside diameter in meters (m)
Charcoal bulk density in kilograms per cubic meter (kgfm?)

Charcoal bed treatment type {1 for chromate treated charcoal for formaldehyde removal, 2
far phosphoric acid treated charcoal for ammonia removal, or 0 for untreated charcoal)

Time of first regencration in hours {h)
Time intarval between cach regeneration in hours (h)

Regeneration duration in hours (h}.
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8. Maximum device decimal removal efficiency equal to 1.0
9. LiOH bed length in meters {m)

10. LiOH bed diametler in meters (m)

11. Not vsed for input and set to O

12. LiOH bulk density in kilograms per cubic meter (kg/m3)

13. Time of first changeout in hours {h)

14. Time between changeouts in honrs (h)

15. Not used for input and set to

16, Not used for input and set to 0.

Device Type Number 6: Ambienc-Temperature CO Oxidizer
B. Maximum device decimal removal etficiency equal to 1.0
9. Oxidizer bed length in meters (m)

10. Oxidizer bed diameter in meters (m)

11. Not uged for input and set to

12, Not used for input and set 1o 0

13. Not nsed for input and set to )

14, Not used for input and setto 0

15. Not used for input and set 10 0

16, Not used for input and set 1o 0.

-1¢ ratyr ic Oxidiz

8. Maximum device decimal removal efficiency egual 1o 1.0
9. Not used for input and set to 0
10. Not used for input and set 1o 0

11. Not used for input and set 1o 0




12. Not used for input and set to 0

13. Not used for input and set to O

14. Not used lor input and set 1o 0

15. Not used for inpul and set o 0

16. Nol used for input and set o 0.
%. Maximum device decimal removal elficiency equal 10 1,0
9, Condensate flow rate in kilograms per hour (kg/h)

10. Not used for inpul and set to 0

11. Not used for input and set to 0

12. Not used for input and set to 0

13. Not used for input and set to {)

14. Not used for inpuf and set to 0

15. Not used for input and set 10 0

16. Not used for input and sct to (.

Device Type Number 9. The Dymmy Device

The dummy device serves 1o set the flow rate throngh a ling when combining or splitting

Mows between upstream and downstream devices. Legal and iliegal dummy device use 15 illustrated

al the bottom of figure 4. When combining or splitting streams, dummy devices are required 1o set
the upstream flow rates being combined or split.

8. Maximum device decimal removal cificiency equal to ()
0. Not used for input and set 1o )

10. Not used for inpul and set o 0

11, Not used tor input and set to 0

12, Not used for input and set to ()

13, Not used for input and sct to {
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14. Not vsed for input and sct to 0

15. Not used for input and set 10 0

16, Not used [or inpnt and set to 0
Rem I¢ n

Some simple mles apply o arranging removal devices in the removal device definition file.
These rules are the following:

1. The first device must always be the cahin device type |

2. The second device must always be the leakage device type 2

3. Device numbers 3 through 15 may be any legal device type

4. Devices tnust be numbered so that calculations for upstream devices occur before calcu-
lations for downstream devices since calculations are sequential by the device number

specified in column 1

3. Inlet flow raws must be specilied for cach device to allow proper inlet concentration cal-
culalon for spht flows

6. If the cahin is upstream of any device, column 4 should indicate this by entering a 1.

Figure 4 shows a sample device configuration along with some legal and illegal device configurationg,

i ‘
Begin with dewce &
snce davieat 1 and 2 mus be

cabin and leaksge | respe clively

'
4 +I-'I-' T-—g—-—

>

A GUMMY DEVICS 5ETS THE FLOW IM &% OPEM STREAM TO BE COMBINED WITH ANGTHER STREAM
IF K OTHER LESAL DEVICE TYFE 18 LUSED TO &ET THE FLOW ACCOAMING T THE
FOLLOWING FLOW DIAGREMS

ILLESAL - LEG
AL

Actual figwy sHURLON B ilke3al . Cumery Deviog. D0, wed to milalizs the
1or simulpgon since all flows Mgt be Inalmed ' Thore
VDETBam of & Aoew splil o combinaben

ROTE: HUMBERS INDICATE THE DEVICE MIIMBER, NOT THE DEVICE TYFE AND BEGIM WITH 3 SINCE CABRIN AMCH
LEAKAGE AAE DEVICE NUMEERS 1 AND 2 FOR ANY S| MULATION.

Figure 4. Sample device configurations and dummy device use.
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Regeneration of the axial and radial [low charcoal beds and the LiOH bed are accomplished by
entering the appropriate regeneration information into matrix DD, Columns 14, 15, and 16 arc nsed
for regenerating the axial and radial charcoal heds and should contain the first time in hours from the
beginning of the ran that regeneration occours (note that the run begins at zero hours and the Tun time
mcrements itself according to the basic time increment), the time in hours between each regenera-
tion, and the time required to regencrate the bed in hours. Columns 13 and 14 are usad for LiOH bed
regeneration and should contain the first changeoul time in hours and the time between each change
out in hours, respectively. No regencration duration is required for the LiOH bed. Tt is important that
the time between each regencration or changecut and the regeneration time must be equal to or an
even mulliple of the basic time incremenl for the calculation, Tf they are not, the program will truncate
them. Rules o be followed when simulating a regencrable bed are the [ollowing:

|, The inilial regeneration titne, changeout or regeneration interval, and time to regenerate
must be multiples of the basic time increment specified in the device definition matrix row
1 ¢column 11

2. Tt the valves are not cven multiples of the time increment, they will be truncated to the
next smallest multiple which could be zero

3. It the regencration duration desired is less than one time increment, the input flow rate
can be modified manually in the program input according to the following:

Oniod = Qugtual X{1 — (Treg duraﬁm:f'rrcg interval | {1}

The moditied flow rate should be input in the device definition matrix column 2 for that
device. the regeneration duration should then be set to zero, Tf the flow rate is changed
during the simulation, it may be necessary to add a dummy device in parallel with the
regeneraling device so that the original flow rate may be supplied to any possible
downstream devices

4. For no regeneration, sel the regencration interval equal to zero,
ime- nt D ' int

During a simulation run, it is possible 10 change the generation rate of any contaminant both
in the cabin or for any device which is operating. Device flow rates and other device information such
as the cahin volume, Lhe cabin temperature, and basic time increment may also be changed. Time-
dependent changes are accomplished by using the time dependent data matrix, TT. This matrix con-
taing seven columns tor each row. Each Hne in matrix TT does not allow simultancous contaminant
generation rate and device definition data changes. For example, the [low rate and contamination
generation rate cannol be changed using a single line. Each change must have its own unique change
line. However, two simultancous device definition changes may be made for a single removal device
using one time change file line, Table 6 shows the heading for the time-dependent dala table and six
common ¢ases for time-dependent data changes, An example time-dependent data file is shown by
the seven columns under the data heading of table 7. The time-dependent data file read by the pro-
gram is created by selecling only the time change numbers when writing the data to the file. The
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Table 6. Several common time-dependent changes.

Type of Change Change Items
FILE:TCTT}Z 28-May 18252
TIME DEPENDENT CONTAMINANT INPUT DATA FILE (MAT TT]
MEKE SURE ALL CELLS HAVE VALUE OR 0 IN CELL
USE RANGE ‘LIST‘ TO PRTNT TO PRINTER
USE RANGCE ‘DATA® TO PRINT T¢ FILE
Time-Dependent CHANGE CONT CEN
Data Table IN MAT CDI
Sample Heading LT e s >
CHANCE DEVICE FLOW  CHANGE OTHER
RATE IN MAT DD MAT DI} TNFOQ
e = - e >
CHANGE CONT NEW MAT DD
T IME CONT CEN RT DEVICE DEVICE  COLUMH NEW
(h} ND . [mg/h) Mo, {m /b NO . VALUE
1. No changes 0 0 0 O 0 0 0
2. Change 24 1 B0 1 -1 -1 -1
contaminant
generation rate
3. Change 24 -1 -1 3 15 -1 -1
device flow
rate
4, Change cabin 24 -1 -1 1 -1 3 150
volume
5. Change device 24 -1 -1 3 15 g 1.5
flow raie and
bed length
. Change time 24 -1 -1 1 -1 11 1
merement
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Table 7. A sample time-dependent data input file.

Change Type

Diata to be Read by the Compuler Program

Change increment
Change flow
Change flow
Change flow
{hange increment
Change increment
Change increment
Change flow
Change flow
Change flow
Change increment
Change increment
Change flow
Change flow
Change flow
Change flow
Change generation
Change generation
Change generation
Change generation
Change generation
Change generation
Change generation
Changc generation
Change gcneration
Change generation
Change generation
Change generation
Change increment

720
Tz20
720
T
732
764
773
773
773
T3
e
Kdd
Hih
Edé
8446
8446
846
846
B4&
5448
Bd&
Bk
46
g4 e
246
BAE
Hd B
Hd &
H92

121
137
149
153
154
155

—

[}
R a5 R = N T T e T (5. B TN D Y o )

o ol T T T T e S e L T I T T o B O U IR B - S P

-1
4.8

11

heading should not be included in the data file. If it is, the program will write an error message to the
screen telling the user that the data file cannot be read. Each time-dependent file may contain up to

304 hnes of changes. Rules for using this data file are the following:

‘nicral Time-

han

1. Column 1 contains the change time in hours for all changes. Any update can oceur only at
the beginning of a time increment. If a change time is not an exaclt multiple of the hasic
tme increment, the lime will be truncated to the next lowest multiple of the increment.

hanei . . g ion Rates

1. Column 1 ¢ontains the change time in hours (h)
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2. Celumn 2 contains the contaminant sequential number to be changed. The contaminant
number must be greater than or equal 1o one, ang less than or equal to the maximum
number of contaminants in the contaminanlt input file

3. Column 3 contains the new or changed generation rate

4. Coluthn 4 containg the removal device pumber whose contaminant generation rate is to be
changed. The device number must be grzater than or equal to 1, and less than or eqgual to
the maximum number of devices in the simulation. (Device 2 may be used, but it docs not
effect the calculation since any change would be canceled out by the 100-percent removal
efficiency provided by cabin leakage.)

5. Column 5 is ignored and is set equal to -1

6, Column & is ignered and is sel equal to -1

7. Column 7 is ignered and is set equal 1o -1.

1. Column 1 containg the change time in hours (h)

2. Column 2 is ignored and is set equal 10 -1

3. Column 3 is ignored and is set equal to -1

4. Ceclumn 4 contains the device number and must be greater than or equal 10 1 and less than
oF equal 10 the maximum number of removal devices

3. Column 5 contains the new device definition matrix information. This information must be
greater than zero if a change'is desired. Il no input is desired, use -1 since this will
prevent the program from reading the new information in column 7

6. Column 6 contains the device delinition matrix column number that the change is to occur
and must be greater than or equal 10 zero and less than or equal to 16. Any other value in
this column causes the program to ignore the value in column 7

7. Column 7 contains the new device definition matrix value, Both the flow rate and any
other device change can be made simultancously for any device.

A time-dependent data file is necessary for program execution even when no time dependent
changes will be made. In this case, a single row with all the columns sct equal to zero is required for
the time-dependent data file,

IBM and Compatible Program Version Execution

Once the three inpul files have been prepared, the TCCS computer program is ready to be
executed. Execulion is initiated by typing TCCS al the DOS prompt, If a very large contaminant data
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file will be uscd for the simulation and contaminant plot data will be obtained during the run, the
program should be executed by typing TCCS /R 100060 1o allow for larger output records during the
run. The number used with the “YR” option can range between 512 and 63,527 and comesponds to
record lenglhs of 312 bytes to 65,527 bytes. Normal execution without the “/R™ option results in the
default record length of 1,024 bytes.

[t is important that the terminal keyboard is in the CAPS LOCK mode since the program only
reads capitalized alphanumeric during inleractive input. A carriage return is entercd from the key-
board atter responding te each prompi. If inappropriate information is entered, or a file with the
incorrect format is specified, the program will indicate that an error reading the file has occurred and
will prompt the user [or the desired information again.

The program begins by prompling the user for the names ol the input filcs to be used for
the simulation. A prompt is written to the screen asking for each file name beginning with the con-
taminant data input file. The file name is entered by typing the file path, the filename, and its cxten-
sicn. This allows the program to read the files if they arc stored on the computer disk in a separate
directory or allows the program to access the files from a floppy diskette. If the files are in the same
directory as the program executable file, then no path designation is necessary. The removal device
definition file is read next, followed by the time-dependent data file,

After each file has been read sucecessfully, the program wriles a message to the screen
indicating that the data file has been read. Also, after each [ile has been read, the program prompts
the user for a decision concerning input file data output by writing a prompt 1o the screen requesting
whether the data [ile that has just been read should be printed. The user should respond to this
prompt with a Y™ or an “N.” The “Y" response results in a second prompt for the user 1o
designate how the data file should be printed. The choices are the printer (LPT1), the computer
screen (CON}, or neither (END). This option is available for the user 10 view the contents of each
data file lo make sure the data are comrect before the program calculation routine begins, Usually, (his
option is not necessary if the inpwt [iles have been created carefully. The “N” response causes the
program o move to the next input data prompt.

Once data file input is completed, the program prompis the user for the mission duration in
hours, This i the length of time that the particular mission being simulated will last. For example, a
7-day Spacelab mission duration is 168 h and the number 168.0 should be entered at this prompt.

Data O Decisions

After the data files and mission duration have been read by the program, the user is prompied
for a decision on calcnlation data outpul. The TCCS computer program is capable of producing output
dala in several formats and wriling this data to multiple cutput devices. The principle outpul data
consist of standard formatited output data controlled by the print switches defined in the device
definition data file and plot data output which is specified inleractively by the vser for each program
execution. The program prompts the user for decisions concerning plot data output and output
devices in the following order.
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Concenlration and Device Efficiency Plot Data Ouiput. Concentration data and removal

device efficiency data for each basic time incremeant can bhe output to two separate data files. The
user 15 prompled by the program for a decision 0 output only concentration data, only ethicicncy data,
both concentration and efficiency data, or neither. The user selects these options by entering “C.”
“E,” “B,” or "N,” respectvely, at the prompt. Examples of the data output for both concentration
and efficiency plot data are shown by tables § and 9.

Table 8. Example concentration plot dala cutput.

Initial .
“1“1111‘111?: ?1:133 Concenlration {mgfm3)
{h} (h) Cont. 1 Cont. 2 Cont. 3 Cont. 4 Cont, n
0,000 L.OO0 1.189 0.2432E-03 0.1339 0.1899.... 0.2022E-1
1.000 12.000 1016 0.2077E-02 1.464 1.308 ... (0.2201
12,000 24000 14.72 0.3012E-02 2.655 1.637 .... (0.3972

Toxi¢c Hazard Index Chipul The toxic hazard index 15 a technique used by toxicologists to
determine the toxicological acceptability for a mixture of chemical compounds in the atmospherce. It is

analogons to an SMAC in some respects. The overall toxic hazard index is the summalion of the
ratios of each contaminant’s atmospheric concentration 1o its SMAC. Ideally, this summation should
be less than one. A more detailed definition of the toxic hazard index is found in appendix B and
reference 12.

The user is prompted by the program lor a decision to write the toxic hazard index to the
standard formatted output device, o the standard output device and a plot data file, or neither, Each
option is selectad by entering *Y,” “P,” or “N" at this prompt.

. Standard tormatted calculation data produced by the program can
be output to a datafile, the printer, the screen, or nonc of these options. The datafile option requires
the nser to input the path, filename, and extension of a file that the program will open and wrile
caleulation data to during the execution. Again, the path is necessary only if the datafile is not in the
same directory as the program executable file. The program checks the file name to determine
whether the file already exisis. If the file exists, the program indicates this on the screen and asks
the user whether it should be overwritten. The user responds to this prompt by entering “Y™ or
“N.” The “Y™ response allows overwriting the present contents of the file, and the “N” response
causcs the program to prompt the user for another file name. The printer selection is made by
entering LPT] at this prompt and results in formatted calculation data outpul to the print device for
the compuier. This option is recommended only if cutput is desired at the end of the program
execution since large quantities of paper are produced. The screen option is selected by entering
CON and resulis in the formatted data to be written to the screen. The data scrolls by rapidly when
the CON option is selected, and scrolling may be stopped by holding down the control key and
pressing the S key (CTRL §). Scrolling is restarted by typing CTRL § again, The END option
terminates program gxecution. The program is designed to ask the user if any other cases will be
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Table 9. Example removal device efficiency plol data output.

Initial | Final Efficiency for Each Contaminant
Time | Timg | Device | 2 3 4 5 H 7 8 n
0.00 1.00 2 1.000 0 1.000 1.000 1,080 1.000 1.000 1.0080 1.000 1.0
0.00 1.00 3000000 0,000 0.000 0,021 0.125% 0.116 1.0080 0.000 ©.000
J.00 1.00 4 1.000 1.000 0,086 1.000 1.000 1.000 1.000 0.000 ©.000
0.000  1.00 5  0.330 1.000 0.950 1.000 1.000 1.000 1.000 1.000 1.000
0.00 1.00 &  0.000 0.000 0.000 0.080 0.000 0.000 0.000 0.000 O.000
.00 1,00 T 00000 0.000 0,000 0.000 C.000 0.000 0.000 0.000 ©.000
0.00 1,00 g  0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 ©0.000
0.00  1.00 g .000 0.000 0,000 0.000 0,000 0.000 0.000 0.000 0,000
0.00 1,00 16 ¢.000  ¢.000 0,000 0.006 0.000 O.000 0.000 0.000 O.000
.00 1,00 11 0.000 0.000 0,000 0.0006 0000 0000 0.000 O.000 ©.000
G.00 1.00 12 0.000 0.000 0.000 £.000 0.000 0.000 0.000 0.000 0.000
0.00  1.00 13 0,000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.00  1.00 14 0,000 0.000 0000 0.000 0.000 G.000 €0.000 O.000 0.000
0.0  1.00 15 0,000 0.000 0.000 0.000 0.000 0,000 0.000 O.000 0,000
1.0 12.00 y; 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
1.06 12.00 0.000 0.000 0,000 0.021 0.125% 0.116 1.000 0.000 0.000
1.00 12,00 4 1.000 1.000 0.003 1.000 1.000 1.000 1.000 0.000 0.000
1.0 12.00 S 00330 1.000 0.%5¢ 1.000 1.000 1.000 1.000 1.000 1.000
1.00 12.00 &  0.000 0.000 0,000 0.000 0.000 0.000 0.000 O0.000 0.000
1.00 12,00 T 0.000 0,000 0.000 0,000 0,000 0.000 0,000 0.000 0,000
1.00 12,00 8 0.000 0.000 0.000 0,000 0.000 0.000 8.000 0.000 0,000
1.00 12.00 G 0.000 0.000 O0.000 0,000 0.000 0.000 0.000 0.000 0.000
1.00 12,00 16 0,000 0.000 0.000 0.000 ©.000 0.000 0.000 0,000 O.000
1.00 12,00 11 0,000 ©.000 0.000 ©.000 6.000 O.000 0.000 0,000 0,000
1.00 12.00 12 0,000 0.000 0.000 ©.000 G.000 0.000 0.000 0,000 0.000
1.00 12.00 13 0,000 0.000 0.000 0.000 0.000 O0.000 0.000 0.000 0.000
1.00 12.06 14 0,000 0.000 0.000 C.000 0.000 0.000 0.000 0.000 0.000
1.00 12.00 15  0.000 0,080 0.000 0.000 0.000 0.000 0.000 0.000 O.000
12.00 24,00 2 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
12,00 24.00 300000 0,000 0.000 0,021 0.125% 0.116 1.000 Q.000 ©0.000
12.00 24.00 4 1.000 1.0006 0,002 1.000 1.000 1.0G00 1.000 0.000 0.000
12.00  24.00 5 0.330 1.000 0.%50 1.000 1.000 1.000 1.000 1.000 1.000
12.00  24.00 &  0.000 0.000 0.000 0.000 O.000 0.000 O.000 0.000 0.000
12.00 24,00 0000 0,000 0,000 D008 0.000 0.000 0.000 0.000  0.000
12,040 24.00 B 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0,000
12,00 24.00 S 0.000 0.000 0.000 Q000 0,000 0.000 0.000 0.000 0,000
12.00 24,00 10 0.000 0.000 0.000 §.000 0.000 O0.000 0.000 0.000 4.000
12.00 24,00 11 0,000 0,000 0.000 0,000 0.000 6.000 0.000 O.000 0,000
12.00 z24.00 12 §.000 0.0060 0.000 ¢.000 0.000 0,000 0.000 0.000 0.000
12.00  24.00 13 0.000 0.000 0,000 0,000 0,000 0.000 ©.000 ©.000 0000
12.00 24.00 14 G.000 ©.000 C.0D0 0,000 0.000 0,000 0.000 G.000  O.000
12.00 24,00 1S 0.000 0.000 0,000 0.000 0.000 0.000 0.000 0.000 0.0600

27




rn before terminating execution. The END option causes this prompl o be written to the screen,
and the user responds by entering Y™ or “N,” The **Y"” response reinitializes the program, and the
pser is prompted for new input data, The “N” response terminates exccution completely.

WARNING: Be careful to specify LPT1, CON, or END when making data output decisions to send
data to the printer, the screen, or to resel the program. Any other response will cavse (he data o be
written 1o 3 file.

Plot Data File Desjgnaton. Alter the output selections have been made, the program
prompls the user for file names for each of the plot data files. A separate file is created for

concentration plot data, device remeval efficiency plot data, and toxic hazard index plot data. Prompts
for each file name are written to the screen only if the user has chosen the options specifying this
dala for the particular program execulion run. As with the standard outpul device, the user responds
to this prompt by entering the path, filename, and extension. The path is not necessary if the file is in
the same directory as the program execulable file. The program checks to see if the file already
exists, If this file exists, the program writcs a prompt to the screen asking the user if the file should
be overwritten. The user must respond 1o this prompt by entering 2 Y™ or *N,” The “Y” response
opens the file and permits overwriting, while the “N” response causes the program to prompl the
user for a new file name.

~alculati : .

After completing the input and output designations, Lhe program begins the calculation rou-
tine. During this routing, information will be written 10 the computer screen depending on the output
selections made. Standard formatted output for each time mncrement will be writlen 10 the screen il
print switch 8 in the device definition data file is set 10 1 and the CON option for output has becn
sclected. However, if print swilch 8 is set to 1 and the LPT1 or file option has been sclected, only the
increment number and the increment starting and ending times will be written to the screen. Simi-
larly, if print switch B 1$ set to (b and any standard output device selection has been made, the pro-
gram will write only the increment number and the increment starting and ending times to the screen
during the calculalion routine. At the end of the calculation routing, the CON oulpul option instructs
the program (o write the [inal standard formatted ontput data to the screen, the LPT1 option sends
this data to the printer, and the file option sends the data to the designated file.

During execution, the program may also wrile error messages to the screen. Most error
messages relate to outpul devices and cause the data 1o not be written to the specified data file.
The program indicates the location of the error in the execulion and will continue to execute unless
the disk capacity has been exceeded. In this case, the execution terminates.

A second type of waming is written to the screen when the calculation for a conlaminanl does
not converge. This warmning indicates a sericus problem where the concentration and elliciency calcu-
lations for a contaminant did not converge to within the specified convergence ermor within 20 itera-
tions using the basic time increment and 20 iterations using one-tenth the basic lime increment. The
program will contlinue to execute; however, the resulis for that contaminant will be incorrect. This
problem is correcled by either using a smaller basic time increment or increasing the convergence
error specified in the device definition data file.
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After the calculation routine is complete, the program writes a prompt to the screen asking
the user if more cases will be run. The vser responds to this prompt by entering *¥” or “N.” The
Y response causes the program to loop to the data entry routine 1o allow the uvser to specify input
files for the next case. The "N response terminates the program execution, and the DOS prompt
will appear on the screen.

Qutput Data File Manipulation

The program is capable of producing up to four output data filcs during a single execution.
These files contain the standard formatted output, concentration plot data, device removal efficiency
plot data, and toxic hazard index plot data. All of these files arc in ASCII format and can be loaded
into commercially available word processing and spreadsheet programs for editing and analysis.
Specific gmidelines for manipulating these files are described.

Standard Formated Quiput

The data file containing the standard formatteu wutput may be loaded into a word processing
program to be included in 4 report or memorandum, The format may be edited in the program 1o suit
the user's needs. The font size may have to be reduced to fit on 8.5 by 11 inch paper in the portrait
origntation. The landscape orientation 1s recommended. An example of the standard formatted output
is shown hy figure 5,

Concentration Plot Data

Concentration plot dala consists of the beginning and ¢nding time for gach time increment and
the concentration for cach contaminant in the simulation at the end of the time increment. An

example of concentration plot data output is shown by table 8. The data are arranged in columns
according to the following:

1. The first column contains the increment beginning time in hours {h}
2. The second coluwnn contains the increment ending time in hours (h)

3. All columns beyond the finst two contain the sequential (contaminant | through n}
contaminant concentration for ¢ach contaminant in milligrams per cubic meter (mg/m?).

These dala can be loaded into a spreadsheet program (Lotus 123 is recommended) and the
appropriate ranges sclected for preparing plots of concentration as a function of lime.

Effici Plot

Removal device efficiency data consist of the beginning and ending time for cach increment,
the removal device number (2 through 153, and the decimal of each device for each contaminant for
that time increment. This data file is arranged as a square malrix in which each time increment has
14 rows as shown by table 9. Each row corresponds o a removal device and contains ¢olumns which
include the following:

1. The first column contains the increment beginning time in hours (h)
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2. The second column contains the increment ending time in hours (k)
3. The third column contains the removal device number (dimensionless}

4. All columns beyond the first three contain the sequential contaminant removal efficiency
for that device for each individnal contaminant {contaminant 1 through n),

[t must be noted that the cabin, designated as device number 1, is nol included since cabin removal
efficiency is not relevant. These data can be loaded into a spreadsheet program (Lotus 123 is
recommended) and then sorted by the remaoval device number column and the time increment ending
time column 1o obtain a time-dependent removal device efficiency profile for each removal device,
The appropriate data ranges may then be selected for producing data plots.

Toxic Hazard Index Daia

Toxic hazard index data consists of the beginning time, ending time, and overall toxic hazard
index calculaticn for each time increment. This data as shown by table 10 1s arranged in three
columns which include the following:

1. The first column centains the increment beginning time in hours ¢h)

2. The second column conlains the increment ending time i hours (h}

3, The third column contains the overall toxic hazard index (dimensionless),

These dala ¢an be loaded into a spreadsheet program (Lotus 123 is recommended) and the second
and third columns selected as the plot data ranges.

Table 10. Example toxic hazard index plot data output.

Initial Time Final Time Hazard Index
Q.00 1.00 .01
1.00 12.00 0.07

12.00 24 .00 0.11

Macintosh Program Version Execution

The Macintosh program version cxecution is much more simple than the IBM and compatible
program version. Execution is started by positioning the cursor over the TCCS COMPULET program
application icon, shown in [igure 6, and double clicking with the mouse. The program displays the
program banner which contains the program name, version number, and version date and then
prompts for the input data, Al this prompt, a standard Macintosh file location window is displayed,
as shown in figure 7, and the appropriate file is selected by highlighting the file name with the cursor
and double clicking with the mouse on the open bar to the right. Similar windows appear for selecting
the device definition and time-dependent data files.
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S5F |
TCECS

Figure 6. Macintosh program version application icon,

File I |ﬂ Input Data I
< DALEE _HD
[ DD.PRN <y
: SnE b e
: 2 .-;; R i e . —
[0 TT.PRN | Eject
Drive
Cancel :l
Thu, Jan 3, 1921 341 2

Figure 7. Example Macintosh file selection window.

After the three input files have been located, the main user input screen appears as shown in
figure 8. The user enters the mission duration time and selects options to write the runtime data to
the screen, files, or by both positioning the cursor in the appropriate box and clicking with the mouse.
When the user is finished with this screen, the cursor is positioned over the “OK™ box and clicked
with the mouse. If any of the data are (0 be sent to a file, the program prompis for the file name with
a standard Macintosh pop-up window similar 1o the illustration in figure 9.

The final step before the program begins the main calculation routine is to name the plot data

outpul liles for concentration and device removal efficiency data. This is accomplished with the
standard Macintosh pop-up window shown in figure 9.
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PRINT CONTAMINANT INPUT DATA?
PRINT DEVICE DEFINITION INPUT DATA?
PRINT TIME DEPENDENT INPUT DATA?

PRINT PROGRAM RUNTIME DATA?

ENTER MISSION DURATION TIME (HRS):

TCCS MODEL USER INPUT SCREEN

TO SCREEN
TG SCREEN
TO SCREEN

TO SCREEN

Abort ‘

70O FILE

TG FILE

TO FILE

TO FILE

Figure 8. TCCS computer program user input screen.

)

< DALEE_HD

e

Eject

Drive

Conc Plot Data

Figure 9. Window for naming plot data ontput files.
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Program solution 1% initiated after designating the plot files and, upon completion, the user is
asked by the program if another run is desired. The user responds to this prompt by typing “ves” or
“no.” A “yes” response reinitializes the program and prompts the user for new input and output
files. A “no” response terminates the program exgcution and the user may then quit the application
or return o0 the Macintosh Finder. From the Finder, data plotting applications may be sclected to
analyze the program’s concentration and device efficiency data.

DETAILED COMPUTER PROGRAM DESCRIFTION

A detailed description of the TCCS computer program source files is provided to acquaint the
user with the main program and each significant subroutineg, Flow charts of thesg routings are pro-
vided, and discussion of the theoretical basis for some routings is provided where appropriate, A
listing of the program source files is provided in appendix A. This description is paraphrasaed from g
description produced by Lockheed Missiles and Space Company, Inc., under contract NASE-36406,
This work served as the primary reference for this section, and all block flow diagrams were adapled
from this document. 13

Program Editing, Compiling, and Linking

This program was edited, compiled, and linked using the Ryan-McFarland RM/FORTRAN®
version 2.42 which includes the RM/FORTE® project manager. This FORTRAN compiler is
recommended [or making changes 10 the source liles.

Main Program

The main program, MATN, is a simple program with no branching and two loops, A flow
diagram is shown in figurc 1(). Each subroutine required for the particular program run is called during
each pass of the main calculation loop until the end of the simulation.

Subroutines CAFILL and RAFILL, which write zeros into all the calculation matrices arc
called initially to initialize cach calcnlation matrix. Next, CRIN and PRIN are called to read the
contaminant, device definition, and time-dependent input data inte matrices NN, CDI, DD, and TT.
The input data is printed line by ling, if desired, by calling snbrountines CROUTZ2 and RROUT2. Al
initial varables such as time-incremeni beginning tme, time-increment ending time, and the
increment couonier are zeroed.

The precalculation setup routing, PCSET, is called next. This routine calculates the initial
ternoval elficiency for each removal device, the equilibrium cabin concentration, and the final cabin
concentration for a cabin concentration of 1x10-2° mg/m? for ali contaminants. Intermediate and final
calculation results are stored in matnices CC and DD.

The calcunlation loop is now entered, and the iterative process of determining the ¢abin
concentration for each contaminant at the end of a time increment is begun. Since cabin concentration
is a [unclion of the contaminant mass removid and the contaminant mass removed 1s a functon of
the cabin concentration, it is important that the same value be used in the mass balance and removal
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Figure 10, Main program block flow diagram.




efficiency calculation routines. A solution is achicved by assuming an increment concentration,
calculating an average contaminant concentration, and comparing the two concentrations. This
procedure continues until the assumed and calculated concentrations are equal.

Calculation for each time increment is iniliated by increasing the increment counter, serting
the increment sive, and listing the increment number, starting time, and ending time to the compuler
screen. Subrouting RTNCDD is called to read time-dependent data from matrix TT at this time, and
subroutine REGEN is called to check for regeneration of any devices during the tlime increment and
set the adsorbed contaminant masses and device flow rales to zero if necessary. The main
calculation loop subrewtine, MCALC, is called next to calculate the removal efficiencies, average
calculated concentration, and final concentration for each contaminant based on the sum of the mass
removed during the previous time increment. Subroutine SLIOH then calculates the amount of LiOH
used during the time incretnent if a LiOH bed is specified in the device definition file. Next, the
original device flow rate is restored for any device that was being regenerated during the increment.
Subroutine DATOUT is called to print the calculated data at the end of a time increment, if
necessary, o both the standard formatted and plot data output devices. The simulation and mission
duration times are then compared to determine whether the mission simulation has ended. If the
mission simulation has not ended, ancther pass through the calculation loop begins by setting the
new increment beginning time and initial cabin concentration equal to the previous increment ending
time and concentration, If the mission simulation has ended, subroutine DATQUT is called to write
the final answers to the appropriate cutput devices as specified by the user. The output files are
¢loged, and the program loops 1o the beginning to begin another mn if the user wishes. If the nser
has no other runs to make, the program cxecution is (erminated,. otherwise, the calculation matrices
are zeroed and new input data is supplied to the program for the nexl run.

Brief descriptions for each major TCCS compuler program subroutine are provided in the order
that they are called by MAIN. Figure 11 lists the subroutines as they are called and provides a briel
description of cach subroutine’s purpose. Block flow diagrams are provided for the most significant
subroutines.

Calculation Laop Subroutings

The following subroutines comprise the principal caleulation ramework for the TCCS
computer program,

Subroutine CAFILL

The subroutine CAFILL is called by MAIN and fills the matrix NN with blanks. Matrix NN
conains the contaminant names during the simulation run,

Subroutineg RAFILL

The subroutine RAFILL is called by MAIN and fills the matrices CC, TT, CI, and DD with
zeros, Matrices CDI and CC contains contaminant input and calculation data, matrix DD contains
device calculation data, and matrix TT contains time-dependent data. This routine is used at the
beginning of a computer simulation 1o initialize these matrices in the event a previous run has been
made.

37




SUBROUTINE LEVEL

2

3

4

DESCRIPTION

MAIIN

CAFILL
RAFILL
CRIN
RRIN
CROUTZ
RROLUITZ
PCSET

ARINCDD
REGEN
MCALS

SLICH
DATOUT

FRAFIL
CNRELB

MASBAL

FREDCT

CONVRG

FRFEANS

GROUP

ACHBD
RGHBL
ALIOH
COOXID
CATBNR
COMNDHY

CALCM

LDIGEN
PCAVCF

PRAFIL
LODEFF
MASEAL

PRAFIL
CNRSUB

MASBAL

HEADGS

CALCM
LDIGENM
FOAVCF

ACHBD
RCHBD
ALIOH
COOXID
CATBNR
GCONDHX

CALCM
LDIGEN
FCAVCF

MAIN PROGRAM

ZERC MATRIX NN

ZERQ MATRICES CDI, CC, DD, TT

INPUT DATA INTO NN AND CDI

INFUT FROM FILE TO DD AND TT

PRINT DATA FROM NN AND CD

PRINT DATA FROM DD AND TT
PRECALCULATION SETUP FOR ALL GONT
ZERO MATRIX DD COLUMNS 17-21
GALCULATE REMOVAL EFFICIENCY
AXIAL GHARCOAL BED EFFICIENCY
RADIAL CHARCOAL BED EFFICIENCY
AXIAL LIOH BED EFFICIENGY

CO OXIDIZER EFFIGIENCY

GATALYTIC OXIDIZER EFFICIENCY
CONDENSATE EFFICIENCY
GONTAMINANT MATERIAL BALANGE
SUM OF MASS REMOVED BY DEVICES
LOAD GENERATION INTO DD COL 19
CALCULATE FINAL AND AYERAGE CONG
READ INCREMENT DEPENDENT DATA
CALCULATE REGERATION/CHANGEQUT
MAIN CALCULATION ROUTINE
CALCULATE PREDICTED AVERAGE CONG
ZERO MATRIX DD COLUMNS 17-21

PUT LAST INCREMENT EFFICIENCY IN DD
MASS BALANCE ROUTINE

SUM OF MASS REMOVED BY DEVICES
LOAD GENERATION [NTO DD COL 19
GALCULATE FINAL AND AVERAGE CONG
SOLVE FOR NEW REMOVAL EFFICIENGY
ZERQ MATRIX DD GOLUMNS 17-21
CALCULATE REMOVAL EFFICIENCIES
AXIAL CHARCOAL BED EFFICIENGY
RADIAL CHARCOAL BED EFFICIENCY
AXIAL LIOH BED EFFICIENCY

CO OXIDIZER EFFICIENCY

GATALYTIC OXIDIZER EFFICIENGCY
CONDENSATE EFFICIENGY
CONTAMINANT MATERIAL BALANCE
SUM OF MASS REMOVED BY DEVICES
LOAD GENERATION INTO DD COL 19
CALCULATE FINAL AND AVERAGE CONG
GALCULATE LiOH USED IN INCREMENT
PRINT DATA TG THE SPECIFIED DEVICE(S)
PRINT CONCENTRATION DATA ANSWERS
PRINT DATA HEADINGS

PRINT TOXIC HAZARD INDEX ANSWERS
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Subrouting PCSET

The subroutine PCSET is the precalenlation setup rouling. PCSET gets calculations started
by assuming an initial cabin concentration hefore the program cnters the time calculation loop. Figure
12 shows a flow diagram of PCSET. PCSET seis the initial time increment ending time to 1/240 of
the basic ime increment specified in the device definition input file. Subroutine PRAFTL is then
called, and columns 17 o 21 arc zeroed. These columns are used to store the results of subsequent
calculations. CNRSUB is called to calculate each device removal efficiency for an assumed initial
contaminant concentration of 1x10-2° mg/m3. Contaminant removal rates and predicted, equilibrium,
and final cabin concentrations are calcutated by subroutine MASBAL. These calculated values are
copied from marrix DD to the calculation matrix, CC, and printed out by subroutines CROUT and

RROUT if required.

SET TH ==
L {BINCy 24

:

DO FOA ALL
CONTAMINANTS

}

ZERC MATRIX DD
COLUMNS 17-21 [ FRAFIL

|

FOR C,.=1E-20
CALCLLATE EFF
AND PUT IN DD CNRBUB

COELIRAR 20

r

CALGUZATE Oy prac.
Ciaa Cungt- AND Mpge, MASBAL

)

FUT E’-h' aads {-:l.‘ll E:‘-nul
W S0 Mye, AND
REM EFF LN DD

N e PRTS W~ 1

hi

PRINT IMFO FOR

1 CONTAMINANT
FROM MATRICES [ CROLIT/RROUT

G AND CC

M LAST
CONT

Y

Figure 12. Subroutine PCSET block flow diagram.
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Subroytine PRATIL

Subroutine PRAFIL is called by PCSET and places zeros in matrix DL} columns 17 through
21,

Subroutine CNRSURB

The subroutine, CNRSUB, calculates the removal etficiency of each device for each contami-
nant in the simulation during every time increment. This calculation is based on the average calcu-
lated cabin concentration, Figure 13 shows a block flow diagram for CNRSUB. These calculations are
conducted hy device type rather than the relative positions of each device with respect to ¢ach other.

This routine scts the cabin removal efficiency to zero and the leakage efficiency to the maxi-
mumm of 1.0, Removal efficiencies for all devices with no flow are also set to zero. The remaining
device efficiencies are calculated by calling the subroutines ACHBD, RCHBD, ALIOH, COOXID,
CATBNR, and CONDHX. These calculated efficiencies are stored in matrix DD.

Subroyfine MASBAL

Using the device efficiencies calculated by CNRSUB, MASBAL determines the mass
removed, the calculated cabin concentration, the equilibrium ¢abin concentration, and final cabin
concentration for each contaminant during a time increment. This calculation is conducted for all
removal devices in parallel and in series. Figure 14 shows a block flow diagram for MASBAL.

MASBAL uses the mass of contaminant removed and the net mass (o the cabin to delermine
the [inal cabin concentration for cach ¢contaminant. The mass of the contaminant removed is delined
as the product of the removal device flow rate, contaminant concentration, and device removal effi-
cicncy. The net mass of contaminant to the cabin is defined as the difference belween the mass gen-
erated and mass removed. Al steady state or equilibrium, the mass removed equals the mass gen-
ecated. The mass generated is the sum of all generation sources which include the cabin generaton
rate and the generation rate in each device. The steady-state of equilibrium concentration is defined
according to the following equalion:

Csy = [muet-m-cahiu}f{ﬂrxﬁj 1 [2}

WhETE Pigerw-cabin 16 the mass of contaminant, 1, is the overall remaoval efficiency for all devices, and
O is the atmospheric flow rate through the removal devices.

MASBAL is composed of two parts to determine (he steady-state concentration, The tirst
part of MASBAL determines the product of the overall efficiency and flow rate by setting the device
generation rates to zero, assuming an arbitrary value for average cabin concentration (100 mg/m3)
and cabin generation rate (50 mg/h), and calling CALCM (o determine the sum of mass removed for
all the removal devices. The sccond part of MASBAL evaluates the nel mass to the cabin by setting
the average cabin concentration equal to zero, restoring the contaminani and device gencration rates
to the values specified in the contaminant data mainx, and calculating the mass removed using
CALCM, The Mpeiw-cabin ©quals the ditference hetween the masses generated in the cabin
and removal devices and the mass removed. From these valucs, Cg is calculated according to
equation {2). After calculating the sieady state concentration, the final and average cabin
concentrations are calculated by calling PCAVCF and CALCM is called to calculate the mass
removed by the cabin and each device vsing the average calculated cabin concentration.
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Subroutine CALCM

The removal device inlet and outlet concentrations and the total mass removed by the cabin
and the specified removal devices is calculated by CALCM by using the removal efficiencies, gen-
cration rates, and average cabin concentration, This calculation is sequential from one device 10
another and uses the outlet concentration of an ypstream device as the inlet concentration for a
downstream device. This calculation requires the device definition input data 1o be arranged to allow
calculations for all upsiream devices to be completed before calculations for the downstream devices.
Figure 15 shows a block flow diagram for CALCM,

The subroutine sets the cabin and leakage device inlet and outlet concentrations equal to the
average cabin concentration. All other devices are tested for zero flow. Devices with zera flow have
their inlet concentration, outlet concentration, and mass removed set equal to zero, Upstream
devices [or each removal device are identified, If the vpsweam device type is 1 or 2, the inlet con-
centration is set equal 1o the average cabin concentration plus any internal device generation rate
divided by the device flow rale. Upstrcam device types other than | or 2 cause the device inlet con-
centration to be based on the [low rates and outlet concentrations of all the upstream devices.

Gutlet concentration and the mass removed by the devices are calculatled according 10 the
following cquations;

Cou = Cin{l_”r} (3)
Hipem = Cin(G)(7}7) - {4)
The inlet concentration for a device with an upstream device is set equal to the outlel
concentration for the upsiream device. A device with multiple upstream devices requires the mixing

of streams with varying concentrations 10 be considered. For example, the inlet concentralion for a
device with three upstreamn devices must be calculated according to the follewing equation;

Ca = (CLO+C R0, . (3)

The sum of the mass removed and mass generaled is calculated by adding the masses
removed and masses generated by all the devices. The difference between the sum of the mass
generated and the sum of the mass removed gives the mass removed by the cabin.

Subrouline LDIGEN

Subroutine LDIGEN is called by MASBAL to Inad the generation rates from matrix CDi
column 1 and columns 10 through 22 into matrix DD column 18.

Subrougine PCAVCF

Subroutine PCAVCEF is called by MASBAL to calculate the increment final and average cabin
concentrations for each contaminant.
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Subrouting RINCDD is used at the beginning of each time increment to input and operate on
the: time-dependent data. A [low diagram of RINCDD is shown by figurc 16. This subroutine checks
the time-dependent data o determine whether any changes occur during the current time increment.
Variables in matrix TT arc identified. If a contaminant generation rate is indicated, the new rate is
placed in the calculation matrix, CDI. Likewise, if a change in removal device flow rate or any other
device change is indicated, the now information is placed in the appropriate device definition matrix,
DD, location.

Subrouting REGEN

Figure 17 shows a block [tow diagram for subroutine REGEN. This subroutine determings
whether any charcoal or LiOH beds will be regenerated during the current time increment. If regen-
cration occurs, the mass of conlaminants stored in the beds is set equal to zero, Similarly, if the
regeneration duration lasts for the cntire ime increment, the device flow rate is set equal to 7ero,

The first check conducted by the subroutine is [or device type. Only charcoal and LiOH beds
may be regencrated. Only regeneration cases which begin at the time increment beginning or regen-
eration cascs which last for one or more complele time increments are treated. Data concerning the
regeneration intgrval, duration, and {irst regeneration time are obtained from matrix DD. For the
LiOH bed regeneration, the duration is set equal to zero since bed changeout is assumed to occur
quickly. The initial time, regeneration (ime, and regeneration duration arc then checked to determine
whether they are exact multiples of the basic time increment, If they are not, they are rounded to the
next lowesl multiple of the time increment and a warning is written to the screen.

The next checks conducted by the routing determine whether regencration occurs at the
beginning of a time increment and whether the regeneration lasts for the entire increment. Regen-
eration for the entire increment causes the program to deactivate this device for that increment by
serting the device flow rate equal to zero, Regeneration at the beginning of an increment causes the
sutn of the mass removed hy that device 1o be set equal to zero. For an LiOH bed, the otal mass of
LiOH used is also set equal (o zero.

Subrouting MCALC

Calculation of the removal efficiency, mass removed, and calculated, equilibrium, and final
cabin concentration for each contaminant and each removal device is controlled by MCALC. These
calculations are based on the cumulalive mass removed for cach contaminant during the previons
time increment. Figure 18 shows a block flow diagram for MCALC,

MCALC calls the subrontine PREDCT to calculate the average predicted cabin concentration
based on the removal efficiency and the cumulative mass of contaminant removed during the previous
time increment and the generalion rate during the present time increment, The average predicted
concentration is used by the snbroutine CONVRG to caleulate 3 new removal efficiency; mass
removed; and average calculaled, equilibrium, and final cabin concentrations. The predicted and cal-
culated congentrations are compared in CONVRG and recalculated until the difference between them
is less than the convergence error specified in the device definition data file, matrix DD, This recal-
culation and comparison continues for 20 iterations with the full time increment or until the difference
15 less than the convergence error. If the convergence error is still exceeded alter 20 iterations,
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another loop with a maximum of 20 iterations is entered which uses one-twentleth the basic time
increment for the calculation. This loop ends as soon as the difference between the predicted and
calculated values is less than the convergence error or 20 iterations have been completed. If conver-
gence is not attained after this loop, the program writes a warning to the screen indicating that the
calculation for the contaminant did not converge. The loop using the one-twentieth time increment is
used only for a contaminant that does not converge during the first 20 iterations, This is more
efficient than reducing the time increment for ail the contaminant calculations.

Subrouting PREDCT

MCALC calls the subroutine PREDCT to calculate the average predicted cabin concentration
for each contaminant during cach time increment. This calculation is based on the removal efficiency
and sum of contaminant mass removed in the previous increment and the generation rate during the
present increment. Figure 19 shows a block flow diagram for PREDCT.

ZERD MATREX DD
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!

LOAD REMOVAL EFF

1-15 FOR LAST TIME

INCREMENT FROM  p— LOCEFF

MATRIX CC INTO MATRIX
DD COLUMN 20

l

PHEDlET G&.'.-' pr&s ariglnal
BASED ON REMOVAL
EFF OF LAST TIME
IMCREMENT aND [ 7]
Mggn OF THIS TIME
INCREMENT

Figure 19. Subrouting PREDCT block flow diagram.

—n FHAFIL

MASBAL

PREDCT calls the subroutine PRAFIL to zero the part of matrix DD required [or storing the
calculation resuits. Data from the previous time increment is obtained by LODEFF and MASBAL is
called to calculate the efficiency and concentration.

Subroutine LODEFF

Subrouline LODEFF loads the efficiency calculated in the preceding increment from matrix
CC to matrix DD,
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Subroutine CONYRG

CONVRG 18 the main convergence loop subroutine. This subroutine calculates the average
cabin concentration and compares it with the predicted cabin concentration for cach contaminant
during every time increment. Figure 20 shows a black flow diagram for CONVRG.

CNRSUB is called by CONVRG to calculate the removal efficiency for each device using the
predicted cabin concentration. Based on this removal cificicncy, MASBAL calcnlates the average,
final, and equilibrium cabin concentrations and the mass of contaminant removed by cach device. The
predicted and calculated cabin concentrations are compared by calculating the absoluic value of the
difference of the predicted and calculated concentration divided by the predicted concentration and
compating that value (o the convergence error, I the absolute value of the comparison is less than
the convergence ereor, convergence has been achieved and the iteration stops tor that contaminant. If
convergence has nol been achieve, a new cabin concentration 18 calculated using a bisection
technique aflter the first iteration and a Newlon-Raphson 1echnique for each additional increment.
The loop counter value passed back to MCALC which determines whether convergence has been
reached within 2() iterations.

roni L

SLIOH is the subroutine which calculates the cumulative mass of LiOH used during the
simulation run, This calculation is cumulative since the mass of LiOH consumed during the present
increment is added to the mass consumed in all the previons increments.

Contaminant Removal Device Caleulation Subroutines

The contaminant removal device subroutines are supported by a substantial amount of
theoretical and experimental data. A brief description of each snbroutine 1s provided in addition to a
discussion of the supporting theory and experimental data.

Subrouting ACHBD

mubrouting ACHBD calculates the removal device efficiency [or an axial flow charcoal bed.
This routine simulates the physical adsomption of contaminants onto the surface of the charcoal.
Specially eated charcoals are also considerad which include chemical reaction belween the surface
treatment and the contaminant 1o addition to adsorption.

A charcoal bed is composed of two zones during the adsorption process, These zongs are
designated as the saturated zone and the adsorption zone. All contaminant removal takes place in
the adsorption zone, The sawrated zone provides no net removal since it 1S in equilibrivm with Lthe
vapor phase contaminant composition. Figare 21 illustratles the zones simulated by the program
graphically. Physical adsorption 18 an equilibrium process which depends on variables such as the
contaminant vapor pressure, inlet concentration, molar volume, and the ¢abin temperature, Studies
conducied by Robell investipated the thermodynamics of adsorption dynamics and developad a
correlation between the physical properties of a contaminant and the charcoal saturation capacity.
This cortelation 1s based on the Polanyi potential theory and the Gibbs equation. From this study, a
correlation factor, called the adsorption potential factor was developed. This factor is defined
according to the following equalion:
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Figure 21. Charcpal saturalion and adsarption zonc distribution.

A = (TV Noglpwpo) {6)

where T is the cabin emperature in kelvin, V,, is the contaminant liquid molar volume in cm¥/gram-
mole, p, is the contaminant vapor pressure at the cabin temperature expressed in concentration units
of mg/m3, and p, is the cabin contaminant partial pressure expressed in concentration units of mg/m3.
This factor was plotted as a function of experimentatly delermined charcoal saturation capacities 1o
obtain the plot shown by figure 22.14 The plot in this figure was constructed for Barnebey-Sutcliffe
type BD granular activated charcoal. This correlation is not only sensitive to ¢har¢oal impregnation
and contaminant solubility, but also to relative humidity as shown by figure 23.13 Additional
information may he obtained on charcoal capacity and performance from references 16 and 17. Based
on polential plots, empirical cquations are obtained which relate the potential faclor o the charcoal
saturation capacity. The cquations used in this program are the following:
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where g is the charcoal saturation capacity in ¢m? of liquid contaminant per gram of charcoal and A is
the adsorption potential factor in kelvin-gmole/cm?. As new information conceming adsorption

capacity is obtained, these equations can be modified accordingly. Tn addition, this technique can he
applied to other adsorbent materials to simulate other packing materials besides charcoal.

The adsorption zone length for 90-percent removal is determined from experimental data cbtained
by Olcott at a §.0066 m/s (1.3 [Ymin) flow rate.1® These data are plotted in figure 24, and the

computer program uses the following equation o calculate the adsorption zone length:

(1
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The adsorption zone length study conducted by Olcott shows the adsorption zone length increases
with velocity to the 0.8 power as indicated in the equation. The saturated zone length is based on the
charcoal capacity at the prevailing cabin conditions and the amount of contaminant already adsorbed.
For a given conlaminant mass retained in the bed, the saturation zone length equals the mass of
contaminant adsorbed divided by the samration capacity, . The total bed length minus the saturated
zone length equals the adsorption zone length. The adsorption zone length iz the length of the bed
actually available for contaminant removal. The program calculates the saturation zone length which
is calculated based on the bed geomctry, the amount of contaminant removed by the bed, and the
saturation ¢apacity, g.

Adsorption of multiple contaminants by charcoal involves some interaction between the
contaminantg. This interaction, called blockage or coexistence, reduces the capacity of the charcoal to
hold other contaminants. Althongh the theory for coexistence is complex, experimental data indicate
that an additional 20 percent can be added to the saturation zone when the calculation for the
adsorption zone is conducted.

Reaction with Specially Treated Charcoals. Some contaminants are not rcadily removed by

aranular activated charcoal but can be removed by charceal which has been specially treated with
chemicals that react with the contaminant after adsorption onte the charcoal surface, Two commonly
used (reated charcoals target ammonia and formaldehyde.

Ammonia Removal. Ammonia is removed by treating granular acdvated charcoal with
phosphoric acid. Usnally, phosphoric acid loading is two millimoles per gram of charceal. This results
in a requirement of 9.61 grams of charcoal per gram of ammenia to be removed if the reaction goes 1o
completion. The bed removal efficiency is typically 90 o 9% percent per pass for a fresh bed. As the
phosphoric acid is depleted, the efficiency drops, eventually reaching zero, This routing assumes the
removal efficiency is 100 percent if the bed is less than 80 percenl vlilized. The efficiency for the last
2() percent of the bed is calculated using the following sine relationship:

e = 510{ M charcoal — Mireated charcoal used) (U 2) charcoal (11)

where #oparcoal 18 the mass of charcoal in the bed and Miegted charcoal used 18 the mass of treated
charcoal used.

Formaldehyde Removal. Formaldehyde is removed mest efficiently by chromate impregnated
charcoal. Manufacturer’s data indicate that this charcoal can chemisorb a total amount of
formaldehyde equivalent to 5 percent of its weight.1? Testing at Lockheed Missiles and Space
{Company, Ing., showed this material’s efficiency to drop linearly from 104 percent to 90 percent for an
amount of formaldehyde chemisorbed from zarg 1o 0,12 percent of the bed weight. Also, if the bed
residence ume is less than 0.25 5, the removal elficiency drops linearly.

Subroutine RCHBIY

The subroutine, RCHBD, uses the same logic as ACHBD [or simulating charcoal adsorption.
However, this routine accommodates the geomelry of a radial flow charcoal bed,
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Subroutine ALIOH

ALIOH simulates removal of acidic contaminants by granular lithivm hydroxide and lithium
carbonate. The amount of lithium hydroxide consumed per weight of contaminant is calculated from
the reaction stoichiometry, This number is input with the contaminant data. Reaction ol lithium
hydroxide with carbon dioxide to produce lithium carbonate has no noticeable elfect on the contami-
nant removal. The removal efficiency for this device is 100 percent unless the bed is less than 1,905
cm thick or more than B0 percent utilized. The drop in efficiency as the bed is utilized is approximated
by the [ollowing sine relationship:

e = SIN(MLiOH— M10H wsed V{0.2)m 00 (12}

where myior is the mass of the lithium hydroxide bed and my ;o used is the mass of lithium
hydroxide utilized. Efficiency for a bed less than 1.905 cm thick decreascs linearly with thickness.

Subroutine COOXID

Ambient temperature catalytic oxidation of carbon monoxide and hydrogen is simulated by the
COOXID subroutine. This routine simulates ambienl emperature calalytic oxidation USINE a
granular activated charcoal with two weight percent platinum loading. This simulation is effective
only for carbon monoxide and hydrogen. Efficiency remains constant at 100 percent per pass unless
the residence time falls below 0.2 s. For residence times below 0.2 s, the efficiency decreases
linearly according to figure 25.20

subroutne CATBNR

The CATBNR subroutine simulates the destruction of hydrogen, carbon monoxide, methang,
and other low molecular weight organic contaminanis into carbon dioxide and water vapor usging high
teriperature catalylic oxidation. The degree of oxidalion in the oxidizer must be inpul by the user in
the contaminant data input file. Typically, oxidation efficiency is based on experimental oxidation
performance testing, On average, operaling the oxidizer at 400 °C (750 °F) provides removal
efficiency of 1(X) peccent for most contaminants,

subreutipe CONDHX

The subroutine, CONDHX, simulates the removal of conlaminants by absorption into humidity
condensate in a condensing heat exchanger. Some contaminants are removed by this route by not
only absorption bul also chemical reaction in the condensate, Ammonia is treated in this manner
since it dissociates in water and reacts with dissolved carbon dioxide.2! All other contaminant
removal is simulated using Henry's Law., Using Henry's Law is justified for trace contaminants
since their concentrations in the atmosphere approach infinite dilution. Henry’'s Law correlates the
concentration of a contaminant in the atmosphere to its concentration in the liquid phase. The
correlation ceefficient is the Henry’s Law Constant, H, which has units of atmospheres/mole fraction.
Equation (13} shows the Henry's Law relationship in which p, is the contaminant pardal pressure in
atmospheres, H is the Henry’s Law ¢onstant in aimospheres per mole fraction, and x is the liquid
phase mole fraction.

p. = Hx (13)
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The simulation assumes that the absorption process 13 cocurrent and that equilibrinm is very
closely approached. A material balance on this process provides a relationship for the condensate
mole fraction shown by:

x = viiC/AA+H/P) . {14y

In this equation, x 15 the liquid phase mole fraction, y iz the vapor phase mole fraction, C is the con-
densate mass molar {low rate in molest/h, 4 is the atmospheric molar flow rate in moles/h, H is the
Henry’s Law constant in atmospheres, and P is the total pressure in atmospheres. Figure 26 illus-
trates the absorption process. Basced on the cabin concentration, the program ¢alculates the inlet
mole fraction based on a 1 atmosphere total pressure, The condensate flow rate and atmosphere flow
rate are entered in the device definition data and converted to molar flow rates based on 1 atmo-
sphere pressure and 294 K absolute temperature, The mole fraction of contaminant leaving in the
condensate is used to determine the mass of contaminant removed. The removal efficiency is calcu-

lated from the ratio of the difference in mass of contaminant entering and mass of contaminant
removed o Lhe mass of contaminant entering.

Ertranca Condition

Absomption Cperatlng Curve

Equilirium Cuive with Slope =
Harry's Law Constant, H

BExll Conditior

Equilibriurm

PARTIAL PRESSURE OF CONTAMINANT
IN ATMOSPHERE, atm

0 MOLE FRACTION IN THE LIQUID PHASE, x, dimenslonlass 1.0

Figure 26. Absorption of contaminants by humidity condensate,

Ammonia removal is treated separately since it reacts chemically with dissolved carbon
dioxide in the humidity condensate. According 1o reference 22, data correlating ammaonia partiat
pressure 1o liquid phase ammonia ¢concentration for several carbon dioxide atmospheric partial
pressures were used to oblain an equation relating liquid and gas phase ammonia composition.
These data were oblained by sparging and gas mixture through a volume of water. Figure 27 shows
a plot of the result.?? The carbon dioxide curve corresponding to 666.6 Pa (5 mm Hg) was used to
obtain equation (15) which relates ammonia mass per kilogram of condensate 1o the entering
ammonia concenlralion.

mg = 189.6C 535, (15)
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CO- = 2.28 mm Hg
3 / ﬂ
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E‘DE = .24 mm Hg
fambient)

Total Amrnenia x 100 {gmole/liter)

| I
25 30

0 10

Armmania Concentralion (ppmy)
Figure 27. Ammonia solubility in watcr at varying carbon dioxide concentration,

In this equalion, m, is the mass of ammonia in milligrams per kilogram of condensate and C.. is heat
cxchanger inlet ammonia concentration in mg/m3. This cquation is used to determine the ammonia
removal efficiency from the mass of ammonia entering and leaving the condensing heat exchanger
assembly,

Data Input and Output Subroutines

The following subroutines regulate the data input and output for each computer simulation
run. These subroutings have been designed to allow maximum flexibility for calculiated data cutput to
facilitate data analysis are reporting.

Subroutine CRIN

Subroutine CRIN is called by MAIN and reads contaminant input data into the contaminant
name matrix, NN, and the main calculation matrix, CDI,

Subrouiine RRIN

Subroutine RRIN is called by MAIN and reads device definition data and time-dependent
data inte matrices DD and TT, respectively.

Subroutine CROUT2
CROUT?2 is called by MAIN and controls output of the contaminant input data to the printer

or computer terminal screen. One row at a time without headings is wrilten to these output devices
for the wser to review before entering the calculation loop.
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Subroutine RROUT2

Subroutine RROUT?2 is called by MAIN and controls cutput of the device definition data and
time-dependent data 10 the printer or computer erminal screen. One row al a lime without headings
i$ written to these output devices for the user to review before entering the calculation loop.

Subrouting CROUT

CROUT is called by MAIN and regulaies cutpul of matrix CC dala during each time incre-
ment for diagnostic purposes. This subroutine is called only when print switch 5 1s set equal to 1.

Subroutine RROUT

Subroutine RROUT 13 called by MAIN and regulates output of mauix DD for diagnostic
purposes. This subrouting is called only when print swilch 5 is set equal 1o 1.

Subroutine DATOQUT

DATOUT is called by MAIN and serves as the master cutput regulation routine. Routines
contained within PRFANS are called from DATOUT according 1o the prinl switch designations made
by the uscr.

Subrouting GROUP

Subrouting GROUP is called by DATOUT and calculates the toxic hazard index. This suhroutine
also regulates the output for the toxic hazard index for both the standard formatied output and the
plot data output.

Subroutine PRFANS

PRFANS contains several subroutines that are called by DATOUT which regulate the output for
contaminant concenteation data, sum of contaminanl masses removed data, and removal device
gfficiency data. This subroutine regulates output for both the standard formatted output and the plot
data output.

Subroutine HEADGS
Subroutines within HEADGS are called by PRFANS subroutines (o regulate standard formalted

data output headings. Headings are provided for contaminant concentration data, contaminant
removal rate data, sum of contaminant masses removed data, and removal device efficiency data.
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APPENDIX A

TRACE CONTAMINANT CONTROL SIMULATION (TCCS)
COMPUTER PROGRAM
FORTRAN CODE LISTING

&3




This appendix contains listings for each major subroutine and the main TCCS computer
program. The main program is listed first followed by listings of each subroutine. The subroutines
listings are arranged in alphabetical order by name 1o provide easy reference.

REM/FORTRAN Conpller (V2 .42)

b
]

ANY ARFRAY IS LARGEFR THAN &4FK BYTES

L
Lo o0

FhREERKFRAFN XX XX XX ADIMENSION MAIN PROGRAM MATRICESG* **X®x ¥ kkkkkk ikt
NN=CONTAMINAINT NAME MATRIX

COI=CONTAMINANT INPUT DATA MATRIX

CC=CAT.CULATON MATRIX

DD=DEVICE DEFINITION MATRIX

TT=TIME DEPENDENT DATA MATRIX

L Ll g e Bl et s
LA s e BT

PRESEMNTLY SET TO HAMDLE MAXTMIM OF 150 CONTAMINANTS IN MATRICES

THIS VALUE =NROW AND IS5 TISED IN ADDRESSING ADJUSTABLE SIZE
ARRAYS TN SUBROUTINES

WNITTROW LS USED FOR MATRIX TT MAXTMUM LENGTH

Lo Lo G
i Od =l

Source File: C:\REMFORT\TCC\MAIN.FO Options: /O 89 /L /BY 05/21/%92 12:57:04
1 ¢ FILE:MAINOR. FOR
2 PROGRAM TCCS0R
1o R EE R R E R R R R R R R R R R T T T R T 2R o o R e A A e e e L R A A 1
qd AR SR A LSS R R RRRRERRRERRERERESTEE LR LR AR AR R SRR REERERRE FEEY
5 C * PROGRAM TC MODEL REMOVAL OF SFACECRAFT "
 C * GASECUS CONTAMINANTS *
7 C * VERSTON 8.0 Alpha *
8 C * APRIL 10, 1992 *
9 C LA R AR A R A EREEESEERESLA AR AR SR EEEE RS R ELESEEEEE X ERIERE-EX3TEEEEEEEE T EE
a0 TR E A AT A AT AT AT AN AN T AT R R AR AR AAA AT L L A A T A R T A A AN AN A E N TN AN AR AT NN &
11l C SUBROUTINESE REMIIRED:
12 C CAFILL-FILL MATRIX WITH ZERDS
13 ¢ FAFILL-FILL MATRIX WITH ZERCS
14 CRIN-READ . I® INFUT DATA
15 ¢ RRIN-READ TN IMPLUT DATA
16 C CROUT-PFRINT CUT INFUT DATA
17 C RROUOT-PRINT QUT INPIT DATA
18 C PCEET-FPRECALLCULATION SET UFP ROUTIHE
13 C MOATLC-MAIN CALCULATION ROUTINE
20 C DATCUT-DATA PRINTOUT ROUTINE
21 C LXXEX-TIME DEPENDENT DATA ROUTINE
22 C REGEN-REGENERATION OF DEVICES ROUTINE
23 C SLICH-SUM LICH USED IM TIME IMCREMENT
24
25 C NOTE: SUIBRODTINES USE ADJISTABLE SIZE ARRAYS
26 C WATCH COMPILER OPTICNS/DIMEMNSIONING IF
C
-
C
C
£
.
i
C
L
Z
£
-
C
&

W
¥

41 CHARACTER NN {300} *30
42 REAL CDI(300,23)

43 REAL CC(300,48)

44 ¢ REAL DD(15,21}

45 REAL DD(15,23}

46 REAL TT(300,7]

47




48
49
50
51
54
53
=4
55
56
57
53
59
60
&1
62
63

65
&6
&7
68

70
71
7
73
74
75
76
77
78
79
a0
g1
B2
B3
B4
85
BE
87
BE
iy
50
91
G2
53
94
95
96
a7

EEB RS R

D M OO aaraea

+

{4

+ 4+ 4+ ++ o+

NOTE : MUST COMPILE SUBROQUTIMNES PROPERLY FOR ADJUSTABLE SIZE
ARFAYS IF A MAIN MATRIX EXCEEDS £5536 BYTES {REALS=4 BYTES)

xrxxkkxw*wn** OECLARE OTHER TERMS USED IN MAIN PROGRAM  h#*+akstw

CHARACTER FNAME*24,DES*1, FCPLOT*24,FTPLOT*24,FEPLOT*24

LOGICAL EX

INTEGER PRTSW1, PRTSWZ, PRTSW3, PRTSW4 , PRTSWS, PRTEWE , PRTSWY, PRTEWS,
TVAL, IDEVNG, IDEVN], IDEVNZ , IDEVN3 , PRTSWY

a¥¥¥wuw PRINT WELCOME AND PROGRAM VERSICN NUMBER **¥#¥kxwaxaxiirdd
WRITE {*,9)

FGMT {l};; It*t*i-*i.-*1':1':1':****I’!’!’!’!’*i’*'.*1'***************!’ttt**#**tF.I.I"
1X, ' * WELOOME TO THE WORLD LI
1%, " * OF THE wLf
1X, ' * SPACECRAFT ATMOSPHERIC TRACE CONTAMINATICON wr S
1%, * CONTRCL SIMOLATION PROGRAM * )
1X, '+ -WVERSION 5.0 Alpha- LI
1¥,'* April 10, 1992 'y

lx TR EEEEEEEEEEEEE T EEEE RN EEEE SRR SRS R R R R ]
'

L2 AR RN LTEFIME PRDGRPJ"I ‘JARIABLEE Fx R ERN A E R AL A A e AT AR A A TN AC N TR AEEL
LIN=NC, OF LINES CF DATA IN MAT MM & MAT CDI & MAT CC

LIN1=NZ. LINES OF DATA IN MAT TT

LINZ=NO. LIMES OF DATA IN MAT DD

TH=TNCREMENT EMD TIME (HRS)

THN1=INCREMENT BEGINNING TIME (HRS)

TMIS=TOTAL MIZSION TIME (HERE)

NIMNC=NUMBER OF TIME IMNCREMEMNTS: ELAPSED

MAT HM,C0, AND ODI MOST HAVE SAME NO. OF ROWS
DIMENSICHS OF MAT DD

NECW=15

NCOL=21

MCOL=213

DIMENSIONS OF MAT OO & ROWE TH MAT NN

NROW1 =330

MCOL1=43

DIMENZTIONS OF MAT CDT

NEOW 2 =HNECR1

NOOLZ=23

DIMENSIONS OF MAT TT

NTTROW=23 00

WTTOOL="7

DEVICE NUMBER FOR CUTPUT DATA (SET TOQ £ FOR FOREM FEEDR! ON QUTPIT)
IDEVND=6

DEVICE NUMEER FOR MESSAGE QUTTPOT

TMSGDN =2

DEVICE WNUMEBER FOERE CONTAMIMANT PLOT DATA
IDEVN1=1(
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48

99
100
101
102
103
104
L0O5
106
107
108
104
110
111
112
113
114
115
11l&
117
118
114
120
121
122
123
124
145
126
127
12K
124
130
131
132
133
13d
135
134
137
138
134
140
141
142
143
144
14%
146
147

66

[ SR 4 I o B s I o N s B O

R

N

3 M

DEVICE NUMEER FOR T-VALUE PLOT DATA

IDEVNI=11

DEVICE NUMBER FOR EFFICTENCY PLOT DATA

IDEVHZ=12

Aotkk ¥ Rk R Rk w R BRI OF DEFINITIG‘I‘I SECTIGN FAw v rv e e rwrrrr kTt rdid

R LR E B XS EE B EEE, EERG HETRICES************************************

PUT BLAMNKS IM MAME MATRIX
0ll CALL CAFILLI(NN,1l,NEOWL}
PUT ZERDS IN OTHER MATRICES
CALL RAFILL (CDI,HNROWZ, NOOLZ )
CATL BAFILL {CC,NRCW1 ,NCOL1)
CALYL BAFILL (DD, NROW, NCOL)
CALL RAFILL(TT,NTTROW,NTTCOL}

*xkkdes DEAD IN DATA FROM FILES AND PEINT IT IF DESIREL *%****wx

010 WRITE(*,*)'INPUT CONTAMINANT DATA FILE NAME:
CALL, CRIMNI(MNN,CDI,NROWZ,NCOLZ, LIN)
012 WRITE(*,#*) ' PRINT CONTAMIMANT INFUT DATAT (Y/MN)
READ(*, ' (A) " )DES
IF{{DES.NE.'Y'} .AND}. (DES.MWE,'N'))] GOTODO 12
IF {DEZ.EQ.'M'} GOTO 20
CALL CROUTZ (MM, CDI, NROW2 ,NCOLZ, 1, NCOL2, LIN, 1, LIN, IMSGDR)

320 WEITE(*,*}'INPUT DEVICE DEFINITI(N TABLE FILE MNAME: !
MOTE: ONLY 16 COLUMMS ARE IN THE INFUT FILE
CALL RRIN{DD,NROW,NCOL, 1&,LINZ)

D22 WRITE{*,*)'PRINT DEVICE DEFINITION TAEBLE? {Y¥Y/MN) °
READ(*, ' (A) ' }DES
IF({DES.NE.'Y'} .AMD., (DES.MNE.'N'}} GOTO 22
IF(DES.EQ. 'N') GOTS 30
CALI, RROUTZ (DD, NROW,NCOL, 1,16, LIN2, IMSGDN}

030 WRITE(*,*) 'INPUT TIME DEPENDEMNT DATA FILE MNAME: °
CALT, RRIN{TT,NITROW, NTTCOL, NTTCSL, LINL )

032 WRITE(*,*)'PRINT TIME DEFENDENT DATAZ? (Y/M) °*
READ(*™, ' (&) '1DES
IF{{DES.NE.'Y') .AND. {DES.MNE.'M')) GOTO 32
IF {DES.EQ.'H'} GOTO 40
CALL EROUTZ (TT,NTTROW, NTTCOL, 1, NTTCOL, LINL, IMSGDN)

*kkkE kA kR Rk % *REAT TN MISSION DATS VARTAEBLES *h#kdshkhhdtdhtheddudww
READ IN MISSICN TOTAL TIME {(HRS)

Qd0 WEITE(*,*}'INPUT TOTAL MISSION TIME IM HOURS:
READ{*®,*} TMIS

*kkkkkwxkx DRINT SWITCOH DEFINITION *tr e fresrrxxcnmaddhnnrr bbb bhd
1=REZUILTS FOR ONE CONTAMINANT IN PCSET
Z=RESULTS FOR 1 CONT & INCE IN 1/20 INCR CONY ROUTINE (IN MCALC)




148
14%
150
151
152
153
154
155
156
157
108
15%
160
16l
162
163
164 ¢
165 C
166
167
168
&S
170
171
173
173
174
175
176
177
178
175
130
181
182 C

RS RS IR RSN IR

183 C

144
185
186
137
1235
189
130
191
192
1593
194
145
196
137

3=CONVERGENCE VALUES IN CONVEG

4=RESULTS FOR 1 CONT I MCALC AFTER CAYV CALC

S=MAT CC AND MAT DD AT END' QOF TIME IMNCEEMENT

&=PRINT CONC+M,REM+500M MaASS REM+REM EFF (OTHERWISE OMNLY COMC DATAI)

T=PRINT OUTPUT WITH NO FORM FEEDS=

BE=PRINT ANSWERS DURING EACH ITERATION (IN MATMN PROGEAM}

9=CONTROL FLOT FILE OQUTPRUT

TVAL=CONTROL CQUTPUT COF QROUP CONTRIBUTICN T-VALUE DATA
PRTSW1=MNINT{DD{2Z,5%}]
PRTSWZ=HNINT{DD{2, 10}
FRTSW3=MNINT(DD(Z2, 11}
PRETSWA=NIMNT(DD{2,6 12}
PRTSWS=HINT(DD({2,6 13}
PRTSWE=NINT{DL{2, 14} }
FRTSW7=NINT(DD({2, 15} )
PRTSWE=NINT{DD{2, 1&)}

}
}
}
}

FhAx MAFKE DECISTION ON CONCENTRATION AND EFFICIENCY FPLOT DATA ****

WRITE (*,*) 'DO YOO WISH TO WRITE IMCREMENT DATR TO A FLOT FILEZ!
WRITE {*,*} °® 1. Concentration Data {C}°

WRITE {(*,*} ' 2. Bfficiency Data {(E)'

WRITE {*,*} ° 3. Both Concentration and Efficiency Data (B)
WERITE {*,*) ! d. Neither (M)

WEITE (*,*) ‘ENTEER YR SELECTICN: :

EEAD (*,'(A}'] DES

IF (DES.EQ,*C') THEN
PRTSWY=1

ELSEIF (DES.EQ.'E'] THEN
PRTSWS=2

ELEELIF (DES.EQ.'E'} THEN
PRTSWS=3

ELSE
PRTSWS=0

ENDIF

AxxEREEFRI AN MAKE DECISTON ON T-VALUE OUITDIIT “*kwkk dddk k& ohrrsk
WRITE {*,*; 'PRINT CROUFP CONTREIBUTION T-VALUE DATAY'

WRITE (*,*) 1. Frint to Normal Output (Y)°©
WRITE (*,*) ! 2, Print to Normal Qutput and Plot File (P}
WRITE (*,*) 3. Do Mot Print {(M1°*

WRITE (*,*} 'ENTER YOUR SELECTION; '

REAL (*,'{A)')DES

IF (DES.EQ.'Y') THEN
TVAL=1

ELSEIF (DES.EQ.'P'} THEN
TVAL=2

ELSE
TVAL=2

EMDIF

&7




148

195
200
201
202
203

C

204 C
05 C

208
207
204
209
210
211
212
213
214
215
216
217
218
419
220
2421
222
223
224
2425
226
227
228
229
230
231
432
233
434
235
236
237
238
234
240
241
24z
247
244
245
246
247

63

C

(i N

CHANGE TO NG FORM FEED IF PRTSWT=1
IF (PRTEW/?.EQ.1) THEN

IDEVNG=7
ENDIF
e vk ok ook kR ok ke Ak MPI.KE DECISI.DNS DN E.ATA GUTF-UT R R AR ENENEEREEERS & B & BN,
THIS IS WHERE ALI PROCRAM CUTPUT DATA FILES ARE OPENED
THEY MUST BE CLOSED AT THE END OF THE PROGRAM
SECTICN WHICH CHECKS FOR EXISTRNCE OF OUTPUT FILE & OPENMS IT
050 WRITE(*,*) ' WRITE OUTPUT TO FILE, PRINTER, SCHEEMN, OR END?'
WRITE (%, *}' (FILE HAME/LPT1/COM/END) !
*k k% hkkEE NOTE: LPT1 CUTPUT REQUIRES 132 COLUMNSG *hkskdrdsvs
READN*, ' {A] '} FNAME
QUIT IF FNAME=END
IF (FMAME.EQ. 'END'} GOTO 940
IF ( (FMAME.NE, 'LPT1') ,AND, (FNAME.NE, ‘CCON' ) ) THEN
INGUIRE(FILE=FNAME,EXIST=EX]
IF (EX) THEN
WRITE (*,*)'FILE EXISTS - OVERWRITET (Y¥/N}
EEAD{*,'(A}'] DES
IF {DES.NE.'¥'] THEN
GOTO S0
ELSE
OPEN { IDEVHO, FILE=FNAME , STATUS="0LD" , I0STAT=IOVAL}
ENDIF
ELSE
OPEN {IDEVHC, FILE=FNAME, STATUS= 'NEW' , TOSTAT=ICVAL}
ENDIF
ENDIF
IF {{FNAME.EQ.'LPFT1"').OR. (FHNAME.EDQ.'CON'}} THEN
CPEN { IDEVIG, FILE=FNAME, IOSTAT=TOVAL)
ENDIF
IF{IOVAL.NE.O} THEN
CLOEE {(IDEVHC)
WRITE (*, *) ' IOEEROR= ', IOVAL
GOTO 50
ENDIF
xx*r4% SDEN FILE FOR CONCENTRATION FLOT DATA IF PRTEWG=1 OR 3 #**xtxx
IF { (PRTSWS.EQ.1}.0R. (PRTSW9.E(.3}} THEN
052 WRITE {(*,*] 'FILE WAME FOR CONCENTRATIOM PLOT DATA CUTEUT?

REAEL (*, "' [A}'] FCPLOT
INQUIERE (FILE=FCPLOT, EXIST=EX)
IF [EX) THEHN
WERITE (*,*) 'FLOT FILE EXEISTS - OWVERWRITE? (¥/MN)
READ {*,‘'(4A)') DES
IF (LDES.NE,'Y') THEM
GOTo 57




248
245
250
251
252
253
254
255
256
257
258
250
260
261
262
263
264
265
266
267
268
2659
270
271
A72
273
274
AT5
276
27T
278
2759
280
281
ZRZ
283
284
2B5
286
287
284
289
230
291
292
293
294
295
256
297

3 Y

20710}

ELSE
OPEN (UNIT=10, FILE=FCPLOT, STATUS="0OLD', IOSTAT=I0VAL)
ENDIF
ENLIF
OFPEN {UNIT=14,FILE=FCPLOT,5TATUS="NEW', IOSTAT=ICVAL)
EMNDTF

IF {(IOVAL .ME.0} THEN
CLOSE (UNIT=10)
WEITE {*,*! 'I0EREOR= ', IOWVAL
COTO 52

ENCIF

FrwEEE¥ QPEN FILE FCR EFFICIENCY PLOT DATA IF PRTSWOI=2 OFR 3 www#&s

IF ({PRTSWS.EQ.2).0FK. (PRTSWI.EQ.3) ) THEN
054 WRITE (*,%) 'FILE MAME FOR EFFICIENCY PLOT DAT2E OUTPUT? °

READ (*,'(d)'} FEPLOT

INCUTIRE (FILE=FEFLOT,EXIST=EX)

IF (EX)] THEN
WEITE (*,*) 'PLOT FILE EXISTS - OVERWRITE? [(Y/MN) °

READ [(*,'({A}') DES

IF (DES.NE.'¥') THEN

GOTS 54
ELSE
OFEMN (UNIT=12,FILE=FEFLOT, STATUS="'0LD", IOSTAT=I0VAL]
EMNDIF
ENDIF
COPEN (UNIT=12, FILE=FEPLOT, STATUS="'NEW', ICSTAT=I0VAL}

ENDIF
IF {IOVAL, .NE.Q) THEM
CLOSE (TINIT=12)
WEITE (*,*) 'IOERROR= ', TOWAL
GOTO 54
ENDIF

¥RREREFEHT QPEN FILE FOR T-VALUE PLOT DATA IF TVAL=2 *#h*Fwaxkixk

IF (TVAL.EQ.2) THEN
156 WRITE (*,*) 'FILE MAME FOR T-VALUE PLOT DATZ OUTEUT?
READ (*,'({&a)') FTELOT
INCOUIRE (FILE=FTPLOT,EXIST=EX)
IF (EX) THEN
WRITE {*,*} 'PLOT FILE EXISTS - QOVERWRITE? (Y/N) '
EEAD (*,'(A) ') DES
IF (DES.NE.'Y') THEN
GOTS 56
ELSE
OPEN (UNIT=11,FILE=FTELOT, STATUS="0OLD' , IOSTAT=TOVAL®
ENOIF
EMNDIF

6%




208
25%
A0
301
302
303
304
305
E11]2
307
ad
309
310
311
314
313
14
3415
316
317
318
319
320
321
322
323
324
125
326
YA
iza
129
330
331
332
333
334
335
336
337
338
339
340
341
14z
143
344
345
346
347

70

R

10 ]

i

ISR RS ERRS RSO NSNS RS NSNS RGNS RO RN

OPEN (UNIT=11,FILE=FTPLCT, STATUS="NEW' , IOSTAT=ICVAL}
ENDIF
IF {IOVAL.NE.0Q} THEN

CLOSE {UNIT=11)

WRITE (*,*) 'IQERROR= ', TCOVAL

GOTO 56
ENDIF

CALL S¥YSTEM TIME AND DATE

THIS MUST BEE CALLED ONLY ONCE 50 THAT THE TIME AND DATE WILL
EE THE S5AME CM ALL QUTPUT IWFOEMATION FOR CNE RUN

CALL DATTM(IMONTH, IDAY, I¥EAR, THCUR, IMINUTE, ISECOND

SET IPGCTR=COUNTER FOR SEQUENTIAL PAGE NUMEERS ON ALL OQUTPUTS
IPGCTR=0

g kW R kv CHECK BASIC TIME INCREMENT B B R B AR e B B R
T hkok ok ok kk kA EHSIC TIHE INCREMENT [HRS}_DDilgll] LIRS E SRR ERE S L& EE RN
BEINC=DL {1, 11)
*hkkkkEts TEQT FOR RINC={ {CAUSES ENDLESS TIME LOOP] *****task®
IF (BIMNC.EQ.Q) THEN

CLOSE (IDEVNO)

WRITE{*,*)' ERROR-BASIC TIME INCREMENT=0'

GOTO 939
ENDIF

d g odeodr gk e ke W ok e v W W 2EFRO IMNITIAL vﬂRIﬂELES 2R A AL EER LA EERSESE R R LEESERR)
TH={]

TI1=0

NINC={

R r  E R R EE T ErE T SR FE LS E RIS E S R R R NN ERER A LR SRS SN

* PRECALCULATICN SET UP EOUTINE *
o o T e s R A R R R T R S FE R R R R
FOR ALL CONTAMINANTS ONE AT A TIME AT CAV PRELD=1E-2{, CALC INIT
DEYV EFF ANL LOAD IT INTC MAT CC-ALSC CALC CAVPRD(CAV PREDICTED)

CUOTPUTS TO PRECALL SET TP ROUTIMNE:

T 1

=INCREMENT IMNITIAL TIME {(HRES)

EINC=BASIC INCREMENT SIZE (HR3) (REF.=DD(1,1l)} PASS IN?777?
LIN=NC, OF CONT IN MAT CC AND HN

oo, MEOW, HOOL=NAME & SIZE OF MAT LD

£0, NROWL , NCOL1=NAME & SIZE OF MAT CC

CDI

CHEOWZ  NCOL2=NAME & SIZE OF MAT CDI

LIMNZ=NG. DEVICES IN HMAT DD
NN=MAME OF MAT NN
INPUTS FROM PRECALC SETUER ROUTINE-SUBRCUTINE PCSET:

PUT

IN MAT CC
CAVPRO=PRED CABIN AV CONC (MG/C0D M): =CO{IL,2})
CEQLIB=EQUILIERIUM CABIN CONT CONC (MG/CO M) :=CC(TI,3}




348
3449
350
331
352
353
354
355
356
357
358
A58
160
161
362
163
364
365
66
167
368
364
370
37l
372
373
374
i75
376
377
378
379
igd
38l
382
LXK
ig4d
385
3856
387
3848
385
380
391
342
393
3484
385
396
397

3N

[ T T

{2

CEFINAL=FINAL CABIN CONT CONC (MG/CU M) :=C0(I, 4%
PUTS REM EFF FROM DD OOL 20 IN CC{I,7-10-13-16 ETC}
PUTS M, REM TN CC{I,5-8-11-14..}

CALL PCSET{TWN1,LIN,DD,NROW, NCOL,CC, NROWL , NCOLL,

+CDI ,NROWZ , NCOL2 , LINZ , NI, PETSWL , IMSGON}

kkdrdddbdkihik END OF PRECALCULATION SETUP ROUTINE *ressstkrkwswss

L A EE SR SRR ERREEEREENERETIREEIIREI I L R R R R T E R E Rk

¥ BEGINNING OF CALUOLATION FOR EACH TIME INCREMENT *

LR R R R R R R ETEEE R R EE R L LR R e R LR R R N LR

100 COMTINUE

PR R E X KL E K| IHCRE.I‘LSE H"]CREMEI‘JT C':]':.MTEH PR EREERE RS B X EREEREEEEEEERESE'S K]
NINC=NINC+1
*Fwekkhaad  OURCE FOR CHANGES IN BASIC TIME INCREMENT & **kxesmxxsw
O3 105 E=1,LINI
IF {TT(¥K,1).EQ.TN1) THEN
IF {[TT(K,4}.EQ.1l}.AND. (TT{K,H}.ED.11)) THED
BINO=TT (¥, 7]}
ENDIF
ENDIF

105 CONTINUE

DE50

*HAKFARENEE  CET [Jp TIME INCREMENT SIZE FOR INCEEMENT **+#+%kaxdddhx
IF [NINC.EQ.l} TN=BIN /24

IF (NINC.EQ.Z2) TH=BINC/2

IF (NINC.EQ.3] TN=BINC

IF (MINC.G3T.3) TN=TN+EBINC

CHECE FOR INCEEMEMNT FIMAL TIME > MISSION TIME

IF (THN.GT.TMIS] TN=TMIS

Frwwxx LIST INCEEMENT NO. AND TIMES TO CONSOLE **daadddkdddkbwwen
IF{{FMAME .NE. 'CON'] .OR, {PRTSWE .NE. 1) 1 THEN
OFEM (TMSGEN, FILE="CON"' , IOSTAT=TOVAL}
WRITE (IMSGDN, 65 YHNING, TN, TH
FORMAT (1X,'THCR NO.= ',I5,' BESIM & ENE TIMES (hoursi=',
FHA.3,2X,F8,3}
CLOSE ( IMSGDN)
ENDIFE

TR KRR N T REHD TIME DEPENDENT DATH LR R S R IR TR R T
CALL TIME DEPENDENT DATA SUBROUTINE-RINCDD
CALL RINCDD{I,TH,THNLl,DD,NEOW,NCOL, LINZ,

+CC, NROW1 , NCOL1 , CDI , NROW2 ,\ NCCLZ  LIN, TT, NT'TROW, NTTCOL, LINL}

*#*FSTORE ORIGIMAL O DEVICE IN DD COL 7 (TAKEN FROM DD QL 2) ***=*
Do 110 J=1,LINZ
DDtJr?]:DDtJJEJ

11{ CONTINGE
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3948
399
440
401
402
403
44
435
406
407
408
409
410
411
412
413
414
415
416
417
418
415
420
421
422
423
424
425
426
427
424
429
430
431
432
433
434
435
436
437
438
435
440
441
442
143
444
445
d4 &
447

72

fammn o T A T e T O T T T 0 e A R M

M

M Che

Frkexkwexrwr CHECK FOR REGEMERATION IN TIHME INCREMENT *%*¥rdxkwwx
(ALL REGEMERATICN SUBROUTINE REGSEN
CALL REGEN{TH, TH1,DD,NECW, NCOL,CC,NEOWL ,HCOL1,

+CDO , NEOW2 , NCOLZ2 , LIN, LINZ , IMSGON

bkkkedards OALY, MAIN CALCULATION SUBROUTINE  **k&ddkbksdhbdirsis

OUTPUTS TO MATN CALL SUBROUTINE-MCAIC:
IT=CONTAMINANT HNO.
TN, TH1 =IMNCEEMEMNT END & BEGIMNING TIME (HES)
LD, NROW, NCOL=NAME & DIM OF MAT DD
CC, NROWL ,NCOL1=NAME & DIM OF MAT CC
CDI,NROW2 ,NCOLZ=-NAME & DIM OF MAT CDI
MN=MNAME OF MAT NN
LIN=NUMBEF. OF CCNTAMINANTS TN MAT NN & CDI
LINZ2=N. DPEVICES IN MAT DD
INFUTS FEOM MAIN CALC ROUTINE-MCALC:
) MAT OO
PUTS CAVCLC, CEQLIV, 8CFTNAT, IN CC(I,2-3 &d)
FUTS REM EFF FROM DD COLAD IN CC(I,7-10-13 ETC)
FOTS M.REM FOR EACH DEV FRCM DD COL21 IN CC{I,&-9-12 ETC)
FOTE Z00M MaSS REM FORE EACH DEV IN CC(I,8-11-14 ETC)

CALL, MCALC (I, TN, TMN1,DD, NRCOW, NCOL,
+CC , NROWL, NCOLL, ORI, NROWZ , NCOL2 , NN, LIN, LINZ,
+PRTSWZ , PRTSW3 , FRTSW4 , IMSGDN}

WERkEadkHhdkd CATCULATE LIOH USED IN INCREMENT **ksddkkksakdksxens
CALL LIOH REMOVAL SUBROUTINE SLIOH

CALL SLIOH (TN, TNL, DD, NROW, NCOL, CC, NROWL, NCOL1,
+CDI, NROW2 , NCOL2 , LIN, LIN2 )

XKWk FEexkikenx HESTDRE DEvICE FLGW Pkt Akt Akttt dhhkh EththH
RESTORE ORIGIMNAL DEVICE FLOW BRATE FROM DD COL 7 TO DD COL 2
0O 120 J=1,LINZ '

140 CONTINUE

trxxxkket PRYNTOUT OF DATA FOR EACH TTIME INCREMENT ***kksdddkkktx
IF PRTSWS=1 THEN BRINT MAT DD+MAT CC INFO FOR THIS CONTAMINANT
IF (PRTSEWS.ED.1] 'THEN
OFEN ({IMSCGDN, FILE=‘CON' , IOSTAT=TOVAL
WRITE {IMSGDN, *) ' PRINTOUT FOR MAT OO & LD AT END OF TIME INCE'
WRITE {IMSGDN, *} ' INFC FRCM MAT CC'
CLOSE { IMSGON }
CALL CROUT (NM,CC,NRCW1 , NCOLl, 1, M00LY, LIN, 1, LIN, IMSGDN)
CALL CROUT (NN, CC,NROW1,NCOLL, 1,NCOLL, LIN, 1, LIN, IMSGDN, NINC,
+  FNAME, IDEVNQG, IQVAL}




448
44%
450
451
452
453
454
455
456
457
458
459
40
461
4£2
463
464
465
466
467
4168
4&9
470
471
472
473
474
475
478
477
4738
475
480
451
482
483
454
485
486
487
488
489
40
441
492
493
494
4495
436
497

¥y 0y Y

o Y0

130

OFEN (IMSGDN,FILE='CON', IOSTAT=I0VAL!}
WRITE{IMSGEN, *) ' INFO FROM MAT DD'
CLOSE [ IMSGIR
CALL RROQUT{DD,NRCW,NCOL, 1, NCOL,LINZ, IMSGDN)
CALL RROUT{DD,NECW,HMCCOL, 1l,NCOL, LINZ , IMSGDN, FNAME , TDEVHO, TOVAL)
ENOHTF

*¥*¥kwwxwd* REGULAR PRINTOUT OF DATA FOR EACH INCREMENT **#*#*++
IF (PRTSW8.EG.1) THEN
CALL DATOUT (TN, TN1, LIN, DD, NROW, NCOL, CC, NROWL,NCCLL,
CDI, NROWZ ,NCOL2 , LINZ , NN, PRTSW6 , PRTSWS, PRTSHY
IDEVNG, NINC, IMONTH, IDAY, TYEAR, THOUR, IMINUTE, FNAME, ICVAL, IPGCTR,
TVAL, FCPLOT, IDEVN] , IDEVN3, IDEVNZ)

IF (ICVAL.NE.3) THEN
CLOSE [ IDEVIC)
WRITE{*,*) ' PROGRAM DATA OUTPUT ERROE IMN INCREMENT = ', NINO
OO0 999
ENDIF
EMNOHF
kR R R E CERTTRAT S PLOT DATA OUTEUT IF PRTSWES([ #*#***dtkxkxrxsrrnn
IF (PRTSWS.EQ.0} THEN
IF [ {PRTSWS.GT.0).0R. (TWAL.ES.2)) THEM
CALL DATOUT {(TH, TM1, LIN,DD,NROW, NCOL, O, NROW1, NCOLL,
CDI,NROWZ , NCOLZ , LTNZ NN, PFRTSWE , PRTEWS , FRTSWS ,
IDEVNO, NINC, IMCNTH, IDAY, IYEAR, IHOUR, IMINUTE , FHAME, TCVAL,
IPECTE, TVAL, FCPLOT, IDEVNI , IDEVN3 , IDEVHZ )
ENDIF
EMDIF

LEEE RS LR R AN EEEEEYTEXEE, CHECK FDR END GF HISSIDM e A oo o d ok o ok kb ko

IF (THN.GE.TMIS} THEM
EMD TIME LGP
CONTINUE

ELSE

*#*d4 4k %k TPDATE FOR MEXT TIME INCREMENT AND REPEAT *#*xs #xdnstx

S5ET TFINAL FOR THIE INCER = TINIT FOR NEXT INCR
THM1=TN
SET CFINAL FOR INCE=CINIT FOR NEXT INCE-ALL CONTAMINENTS
DO 130 I=1,LIM
CCII,1y=CCiT, 4}
CONT INUE
GO0 140
ENDIF

LA NS S AR AR R R RS AR R RLEREREERERERERESRESESE:ESREESJEJERJE X E°K "B K "J}K FRJ I T T rg T r i g oy g S g

* END OF CALCULATICM FOR EACH TIME INTERVAL *

LA R A B R R EEREEEEEEEE R LR R Y AR R A R E R R R R R E R R A N

kEAHF* FRINT FIMNAL ANSWERS AT END OF MISSION IF DESIRED ****kkkxa
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438 500 CONTINUE

455 IF {PRTSWB.EQ.{) THEN

SO0 CALL DATOUT ('TH, TN, LIN, DD, NROW, NCOL, OO, NEOWL , NCOL1 ,

RO1 + CDI, NEOWZ , NCOL2 , LINZ .MM, PRTSWE , FPRTSWE , PRTSWY

502 + ICEVINO, -1, IMONTH, IDAY, I¥YEAR, THOUR, IMINUTE, FHAME , TOWVATL , TFGCTR,
RO + TVAL, FCPLOT, TIDEVNL , IDEVNG, IDEVIZ |

04

RO5 IF (IOVAL . NE.Q) THEN

E0& CLOSE (IDEVNO)

507 WRITE(*,*) 'PROGRAM DATER CUTPUT ERROR -~ FINAL PRINTCUT®

508 GOTO 999

5419 EMDIF

510 ENDIF

E11 LI R R CL‘DSE ATLL PRGGM GUTFUT FILES FREErEETA AT E RN YL N L b
512 CLOSE (IDEVHD)

513 CLOSE (IDEVHL)

514 CLOSE (IDEWVHG )

515 CLOSE (IDEVHZ)

2le O

517 955 CONTINUE

BE1H WHITE(*,*) 'DO YOU WISH TO RUM ANOTHER CASE? (Y /M)

hlY REAT: (*, ' (A)'ITES

A0 I¥ (GEZ.EQ.'Y') THEN

521 0 TO Q11

Bad EMNDIF

23 O LA R R R RN AR R R R RS R R R E R AR EREEEEEREFEREREREE R S N R LT
H2d * END OF MATM PROGRAM *
525 (i LA A A EREREEREREEEREESEEREEREEE KRR R R L R R R R R R R R,

526 ETLY

NUMEER OF WABNINGS IMN PROGRAM [THIT:
NUMEBEE. OF ERRCRS IMN PROGRAZM [TWIT:
NUMEEE. OF WARNINGS IMN COMPILATION
NUMEER OF ERERORS TH COMPILATICN

o o e

1+ d+
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FM/FORTRAN Compiler (WVZ.42)

Source File: C;A\RMFORT\WTCCMVACHED.LF Opticns: /C B0 /L /BY D5/21/92 12:54:30
1 .[: I ZF AR L EEEE R EREERELEREEEREREEEEREEEREEEEEERELEELSEEEEEEER S L E K]
2 * FILE:;ACHRBD.FOR *
i * SORROUTINE FOR REM EFF-AXIAL FLOW CHARCOAL BED *
4 * LOESHNT ALLOW FOR DESORFTICN *
5 .[: A FEEFEEEERE LERENEEENE EENE-EEEREIRIREJEIJRSNENEIEE I B3 5 X5 S S KR
6 O
7 SUERCUTINE ACHED (TN, TH1,CIIN, TCAEBIN,COEXIS,RBEDQ, EMAX, BEDL,
8 +BEEDDTIA, DENCH, TRTTYE, DCONT, VMOL , MW, VOORIC , SOL., SMR, EFF}
9 C OUTPUT:
10 ¢ EFF=BED REMOVAL, EFF (DEC)
11 ¢ IMPUTS:
12 © TH, TNI=INCREMENT INITIAL AND FINAL TIMES{HR}
12 CIIN=RBED IMNLET CONT CONC (MG/CU M}
14 ¢ TCABIN=CAETIN TEMFP {DEG K)
15 € COEXIS=COEXISTANCE FACTOR
16 BEI¥)=BED FLOW RATE (CU M/HR)
17 ¢ EMAX-MAXTMITM BED EFF (DEC)
18 BEDL=BED LEMGTH (M)
19 C BEDIDIA=BEL DIAMETER {M)
20 ¢ DENCH=DENSITY OF CHARCOAL IM BED {(EG/CT M}
21 © TRTTYF=BED TREATMEMT TYPE({(1=CI CHAR,2=PHOS ACID, OTHER #=NCNE)}
22 DOONT=CONT LIQUID DEMSITY (GM/{C)
23 ¢ VMOL=CONT MOLAR VOL {GM/00)
24 C Ml =0ONT MOLECULAR WGT
25 VOOMNC=CONT VAPOR CONCENTEATION AT TCARIMN (MO/CU M)
26 O SOL=HEMEY'S LAW COMSTANT FOR WATER SOLUBILITY (ATH/MOLE FRACTIOND
27 C SME=SUM OF CONT MASS STORED IN BED(MG) -FROM LAST INCR
28 C
29 REAL LPREV, LAVN], LUTIL, LIMM, LAVAV, LADS, MW
a0 INTEGER FACID, FOI
311
12 C SET CIN=CIIN (THIS PREVENTS CIN FROM BEING PASSELD BACEK UP
33 C T OTHER SUBRCUTINES IF IT IS SET TO 1lE-20)
34 CIN=CTIN
35 C RED TREATMENT LOGIC
i6 ¢ FACID=FLAG IF EED IS TREATED WITH PHOSPHORIC ACID (¥=1 N=0)
7o FOI=FLAG FOR CI CHAR IN BED {REMOVES FORMAILDAHYDE)
a8 IF {NINTI(TRTTYP!.EQ.2} THEN
gL FACID=1
A0 FCI=0
41 ELSEIF [NINT(TRTTYF).EJ.l} THEN
42 FACTI D=0
43 FCI=1
44 ELSE
45 FACID=0
46 FCI=0
47 ENDIF
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76

47
44
50
51
=Y

5d
E5
E6
57
S
59
&0
&1

£3
énd
&5
B&
&7
65
&4
70
71
72
T3
74
5
TE
77
78
74
20
g1
82
g1
g4
825
86
27
84
859
40
9l
93
93
94
55
96
97

5

(s T o -

>

TEST FOR WO BED FLOW (BEDO=<0} OR TN-THNl<=0;BEDL,BEDDIA, DEXCH=0
IF{{BEDQ.LE.Q!.OR, (TH-TN1.LE.{).OR. (BEDL.LE. () .OR. |BEDDIA.LE.D)
+.0F. (DEMCH.LE.O}} THENM

EFF=0

COTo 199
ENLIF
TEST FOR CI CHARCOAL AND FORMALDEHYDE{FCI=1 AND MW=30.03}
IF{{MW.EQ.30.03} ,AND, (FCI.EQJ.1}) THEN

CALL CICH{EFF,EMAX,BEDL, BEDLIA , DENCH, SMR, BEDQ}

GO 1499
ENDIF

TEST FOR AMMONIA AND PHOS ACID OM CHAR{FACID=1 AND MW=17.0 }
IF «{MW.EQ.17.0).AND. (FACID.EQ.1)) THEN

CALL ACIDCH EFF, EMAX, BEDL, BEDDIA, DENCH, SME)

GOTo 1949
ENDIF

TEST FCR MOL WOL=0 (MO CHAR REMOVAL)
IF WMOL.EQ.0) THEN

EFF=0

GO 159 -
ENLIF

CHARCOAT, REMOVAL EFFICIENCY CALCULATION
SUUPERFICIAT, EED VEL [FT/MIN)]
BECVEL=BED*, 06%60 /BEDDIA**Z
TEST FOE CIN T SMALL IN AVATL CALC
IF {CIMN.LT.1E-20) CIN=1E-ZD
AVAL={TCAETN/VMIL} *LOG1 {VIONS /CIN
ADS ZOME LEMNGTH FOR 90% REMOVAL (M}
LADS=2VAT* 000275 * (BEIWEL/L .31 ** . B
GET QI{CC LIQ QONT/GM CHAR)
CALL FQI (AVAL,OI,FACID, SOLJ
LEMGTH OF BED PREVIOUSLY USED EY CONT AT THIS ¢ INLET (M)
LPREV=SMR*1.273E-0*COEXIS/ (DCONT*DENCH*BEDDIA* *2 *O1 )
FEATE QF EBED USAGE (M EBED/ MG CONT)
LIMM=1.273E-&*COEXIS/ (DCONT*DENCH*EEDDIA**2*0T)
LEMGTH OF EED AVAILAELE FOR ADS ZOME AT BEGINNMNING OF INCE (M)
LAVN]=BEDL-LPREV
IF (LAVNLI.LT.O} LAVI1=0
FIX HERE IF DESORPTION 1S DESIERED
IF (LAVHI1/LADS.GT.20) THEN
EFFAV=EMAX
ELSE
INIT INCR EFF BASED OM C IN AND BED L AVAIL AT BED OF INCRI(IDED)
EFAVN1=EMLY* {1 -EXP{-2.3025851*LAVNL /TADS) )
LOOP FOR EFFICIENCY
EFFAV=EFAVMN1




98

44
100
101
102
103
104
105
106
107
108
135
116
111
112
113
114
115
115
117
118
11%
120
121
122
123
124
125
126
127

NIMMEBER
NUMEER

128
128
130
131
132
133
134
135
136
137
138
13%
144
141
142
143

(o S I o B B T I O R o I i B o

Do 366 J=1,13,1
LENGTH OF BED UTILIZ TN IHNCE {M}
LUTIL=CIN*BEDO*EFFAV* {(TH-THN1) *LIMM
IF {LUTIL.GT.LAVHN1] THEM
GO 299
ELSE
AVERAGE BED LENGTH AVAIL {M)
LAVAV=LAVN]1-LOTIL/2
IF { (LAVAV/LADS}.GE.20) THEN

EFFAV=EMR
GOTO 299
ELSE

AV EFF BASED ON AV BED L AVAIL (DEC)
EFFAV=FEMAX* {1 -EXP{-2.302585]1 *LAVAV/LADS} )
ENDIF
EMDIIF
1499 CONTINUIE
299 ENDIF
MAX EFF BASED COW  IN AND RATE OF BED USAGE {(DEC)
EFFMAN=LAVN]1/ (CIN*BEDRG* (TN-TN1) *LIMM]
IF {EFFAYV.GT.EFFMAY) EFFAV=EFFMAX
IF {EFFAV.LT.0) EFFAV=D
IF (EFFAV.GT.EMAX) EFFAV=EMRX
EFF=ACTUAL, EFF CUTPUIT FROM SUBROUITINE
EFF=EFFAY
EEMOVE THIS CHECK IF DESORPTION IS ADDED
199 IF (EFF.LT.Q) EFF=0{
IF (EFF.GT.EMAX)! EFF=-EMAX
RETUEN
ENT

OF WARNINGS IN PROGRAM UNIT: o
OF ERRORS IM PROGERAM TNIT: U

' E E T E R R R R E E R E R E R R R R R R I R N R R R RR SR S

* SUBROITINE ACIDCH - CALCULATES REMOVAL EFF *
* BED WITH NH3 aAND .2 MILLIMOLE H3PO4 ON CHAR *
e R R A R e R EEE X EEE SRR R R R R R R R R E R R EEEEE RS R R E RS R
SUBROUTINE ACIDCH{EFF, EMaX,BEDL, BEDDIA , DENCH, SME)
CUOTEUTS

EFF=CUTPUT REMOVAL EFF {DEC)
IMPITS

EMAX=-MAXIMIIM BED REMOWVAL EFF (DEC]

BEDL=BED LENGTH {M}

BEDDIA=BED DIALMETEE (M}

DENCH=CHARRCCAT, DEMNSITY (KG/CT M}
SMR=5TM OF MASS OF CONT EEMOVED AT EEG OF INMCE (MG)

CHAR USED (E3)
CHRUISD=9.61E-6*5MR

77




144 € CTHAE EED WGT{KG}

145 EETHOT=BEDL*BEDDIA®*2* TH5*DENCH
14A IF (CHREUSD.LT.O.2*BEDWGT) THEM

147 EFF=EMAX

1485 ELSE

145 EFF=EMAX*SIHN! {(BEDWST-CHREUSD) *1.57/ (BEDWGT*0.2) }
150 EMDIF

151 C FREVENTES NEGATIVE EFF FOR REACTION
152 ¢ IF [EFF.LT.0} EFF=0

153 IF (EFF.GT.EMAY} EFF=EMAX

154 RETURN

155 END

NUMBEE OF WARNINGS IN PROGRAM UNIT: {
MUMEEE OF ERRURS IN PROGEAM UNIT: O

1-5'6 o EE A E A A AR R AR R R A E N AL E R A A EE A A A A A AR AR RAANATN AL AR AL AN AN E®
157 C * SUBROUTINE CICH - CALCULATES REMOVAL EFF *
158 C * FOR FORMALDELYDE AMD CI CHAR BED *
1549 R R EF FF R R E R E R LR R R R R R R R E R EE L ERERE L
164 SOBROUTINE CICH{EFF, EMAX, BEDL, BEDDIA, DENCH, SME , EELD)
16l C OUTEFOTS

162 C EFF=0UTFUT REMOWVAL EFF [DEC)

163 © INPUTS

164 C EMAX-MAXTIMUM BEDR REMOVAL EFF (DEC)

165 BEDL=BED LENGTH (M]

166 C BEDDIA=BED DIAMETER ([M]

167 C DEMCH=CHARCOAL DENSITY (KG/CU M)

leg C SMR=SUM OF MASS QF CONT REMOVED AT BEG OF INCR (MGE)
16% £ BEDO=BED FLOW RATE {CU M/HR)

170 ¢

171 EEDWGT=BEDL*BEDDIA**2* TBS5*DENCH

172 C FERCENT ©F BED WEIGHT COMSUMED (DEC

173 FBWGT=5MR/ { BEDWGT*1EGS)

174 IF{FEWGT.LT. .0012} THEN

175 EFF=1-FBWST*B3i_.3

176 ELSE

L77 EFF=.9*CO8 {PBWGT*1.57/.0%)

178 ENDIF

17% C BED REESIDEWNCE TIME (S5EC)

180 BREST=BEOL*BEDDIA**2*3&00/ (BEDQ*1.273)

181 IF (EREST.LT.{.4%) THEN

182 EFF=EFF*EREST,.Z5%

183 ENDIF

184 PREVENTS NEGATIVE EFF FOF. REACTION

185 C IF {(EFF.LT.{0) EFF=0

186 IF{EFF.GT.EMAX]) EFF=EMAX

187 RETURMN

188 ENT

NUMBER OF WARNINGS IN PROGRAM UNIT: 0
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NUMEEER. OF ERRCRS IN PROGRAM UNIT: O

189
199
191
152
143
154
185
186
La7
198
156
200
201
202
203
204
2035
206
207
08 C
209
210
211 ¢
212
213
214
215
216
217
Z18 C
215
220
21
222
223

Ay ry

I A I O N T B Y I

NUOMBER
NUMEBER,
NUMEER
NUMBER

LE S A BB EE T EE T ERLEEREEFEREEEEFEFREREEES S SRR EENEREE EEEEEEEEEEE

* SUBROUTINE FQI -  FINDS {JI, THE CHARCOAL *
* CAPACITY FOR A CONT (CC LIQ CONT/GM CHAR) *
LR R R R A E L EEEEEREEEEEE SR EE NI R I TR TR TR CR T SR
SUBRCUTINE FQI (AVAL,QT,FACID, SOL)
INTEGER FACID
CUTPUTS
QI=CHARCOAL CAPACITY (CC LIQ CONT/GM CHAR|
INPUTS
AVAL= A VALUE OF CONTAMINANT
FACID= FLAG FOR ACID TREATED CHAR IN BED (Y=1 N=0)
SOL= COMTAMINANT HENRY'S LAW CONSTANT (ATM/MOL FRACTION)

IF {AVAL.LT.0) AVAL=0
A VAIUE .GT. 10 AND .LT. 200
IF {{AVAL .GT. 10) ,AND. (AVAL.LT.Z200)1 THEM
SOLUBLE CONTAMINANT - ACID OR NON-ACID TREATED CHAR
IF (S0L.GT.Q} THENW
GI=2. 2947 *EXP(-0.26492*AVAL)
INSOLUBLE CONTAMINANT + NOMN ACID TREATED CHARCOAT
ELSEIF {(FACID.LE.{0.l) THEN
OT=2 ,80289*EXP (-0. 28842 *2VAL}
INSOLUELE CONT + ACID TREATED CHARCOAL
ELSE
QI=3.8636*EXP{-0,32307*aVAL}
ENLIF
a VALUE .LE. 10
ELSEIF (AVAL.LE.10) THEN
QI=.56-AVAL*. (4
AVAI, ,GE. 200
ELSE
QI=1E-20
ENDIF
RETTTRN
END

OF WARNINGS IN PROGRAM UNIT: 0O
OF ERRORG 1N PREOCEAM [NIT;
OF WARNINGS IMN COMPILATION
{OF ERRCES TN COMPILATICHN

oo O

+1
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RM/FORTRAN Compiler (V2,42)

Source File: C:\EMFORT\TCCM\ALIOH.F Options: /C #HO /L /BY 05721792 12:54:44
1 C A E E R EEEEREEEE S EESEEEEENEERESESEEEEE S SN R RN T R I R T R
2o " SUBROUTINE ALIOH - AXIAL FLOW BED *
3 * CALLULATESE BREMOVAL EFFICIENCY FOR LICH *
4 C LA R R E R E R -EEE R EEE B EEEEEEERENNNE'E SR KRR I R R e i S E E Y KR
5 O
é SUBRCUTINE ALICOH (TH,TN1, EMAX, BEDL, DENLI, BEDDIA, RWUTLI, SWUTLI,

7 +REMFCT , EFF}
A C
T IMEUTS :
10 THN=FIMNAL, INCEEMEMNT TIME (HRS!)
11 ¢ TN1=INITIAL INCREMENT TIME (HRS}
12 ¢ EMAX=MAXIMUM POSSIBLE REMOVAL EFFICIENCY (DEC)
13 ¢ BEDL=BED LEMGTH (M}
14 DENLI=LIOH DENSITY [(KEGS/CU M)
15 ¢ BEDDIA=RED DIAMETER (M}
16 FWUTLI=RATE CF LIOH USAGE FOR ALL CCITAMINANTS FROM LAST INCE(KG/HR)
17 © SHUTLI=5IM OF WEIGHT OF LICH UTILIZED FREOM LAST INCER{K®)
18 ¢ REMFCT=LIOH REMOVAL FACTCR (LB LIQH/LE CONTAMIMAMNT
14 ¢ QUTPITS: _
- EFF=REMOWAL EFFICIENCY {DEC)
¢
g IF CQONT DOESHT REACT WITH LICH OR BEDL<=0 OF EBED DIA <=0 OR
C DENLI <=0 THEMN REM EFF =0

fad Aok B3 Bt B B Ba B B B B
i R = RS I L T N ST N B S Y

e Lt ded Lt Lo dak Lad Ll
L 00 =] T LT e Led B

T = T T T
W= Lo b3 L

45 C

NUMEER
MNIMEER
NUMBER
NIMEER

B0

OF
OF
OF
O

IF{(REMFCT.LE.Q).OR. [BEDL.LE.J) .OR. {(BEDDIA.LE. Q) .OR. (DENLI.LE.O)
+ THEN
EFF=0
ELEE
BED WEIGHT (RKG)
BEDWST=BEDL* {BEDDTA) **2* FAS*DENLI
TOTAL WEIGHT OF LIOH UTILIZED AT AVERAGE TIME IN INCREMENT (K3
TWITLI=SWUTLI +EWOTLI* {THN-TN1) /2
IF (TWUOTLI/BEDWZT.LE,(.5} THEN
EFF=EMLY¥
ELSE
EFF=EMAX*SIN{ {BEDWGT-TWITLI ) *1 .57/ (BEIRGT*0 .23 )
ENDIF
IF {BEDL.LT.0.0191)} THEM
EFF=EFF*BEDL/{,(15%1
ENDIF
EMNDIF
IF({EFF.LT.0) EFF=D
IF{EFF.ST.EMAX) EFF=EMAX
RETUEN
ENL:
WO W O W R END GF SUERGUTINE ﬂLIGH FE R E R E SRS EE R EREERES'E NEE 3R

WARNTNGS IMN PROGRAM UNIT: O
ERE{ORS IN FROGRAM UNIT: 0
WARNTINGS IN COMPILATION ; 0
ERFORS IN COMPILATION @ O



EM/FORTRAN Compiller {(VZ.42)

Source

Cye OO

hJHFJHFJFHJFAEFJH
g O ] s LT e Gt = 00w O L s Gt B

NUMEER
NIMEEER
NUMEER
NUMEEE.

File: C:\RMFORT\TCCWCAFILL. Options: /C 80 /L /BY 0E/21792 12:54:53

R SRS AR AR EEEELELEEEXEEEEEERERSE R T E R e e E R E R R E R E R E N

* SUBROUTINE CAFILL *
*  SUBRCUTINE TO FILL ADJUSTAEBLE SIZE CHAE ARBAY WITH BLANES *
ﬂ'ﬂ'!’**'k****#*ttt*tittttttt***********i'*ttttttﬂ'i***#ww*************
SUBROUTINE CAFILL (NN, NECW, NCOL)

INTEGER NROW, NCCOL

CHARMTTER MM (MEOW, MNCOL} *350

NIM=AFRAY MAME-AFRAY HAS 30 CHARACTERS
NEOW=NUMEEE. OF EOWS IN ARFAY (INTEGER]
NCOL=NUMEEE ©OF COLUMNS IN AREAY (INTEGER)

Do 110 I=1,NER0W
IO 100 J=1,MNC0OL
MN{I,J)=" "
100 COMT INUE
110 CONTIMNUE
RETURN
Wk kRt Ehk bk khx EbIDGF SUERDUTINE CQFILIL. LE R RS AR L B ERE L EEE LS X SR RN
END

OF WARNINGE IN FROGERAM URIT:
OF ERRCRS I FROGEAM TINMIT:
OF WARNINGS IN COMPILATION
OF ERRORZ TN COMEPILATION

[ Y ol O ol ) e

i+ +b

31




RM/FORTRAN Conpiler (VZ2,d42)
Source File: C:A\BEMPCRTN\TCCMWCALCMLF Opticns: /¢ 80 /L. /BY 05/21/82 12:54:56

32

Buad BO B B BD B B = = e e 2 et e et e
Loy IR, B SR I A S = T s v RS I B e e Y e R R B N T o

IO an e Omo

W e i el P e pEa b e Led Gt ek Led Lad Lad Lt Gl BT T
S I 3 O ) Y- Iy 8 P o i ST s T Y O PR N B S R

C1r M cr oy

M

AR A R R R R R R R N R R R R R R R KR g TRt A A S P R e SR S K X

* SUBROUTINE CALCH *
* SUBROUTINE T CALCULATE SUM OF MASSES REMOVED BY ALL DEVICES *
* USES CAV CABIN, REM EFF DINJ,20), & M.GEN DD{J,1%) TO CALD *
* DEVICE CIM & CCUT DLR(J,17)& DD{J,18} ,M.REM CARBIN+DEY DD(J,21)*

LR R AR S A E R LB R R RREEEEEEEENENERNEIEFEFEFEEETEENI X R E R R I U I T Ty TR S as

SUBROUTINE CALCMIDD, NROW, NOGL, OAY, SMSEN, SMEEM, TH, LINZ )
INTESER MROW, MCOL, LINZ
REAT, DD (NROW, NOOL )

SUBR(MITINES REQUIRED:

MNONE

INPTTS ;

CAV=CABIN CONT AVERAGE CONCENTRATION {MI/CI M)

DO, NEOW, NCOL=NAME AND SIZE OF MAT DD

TH=IMNCEEMENT FIMNAL TIME {HRZS)

LINZ=MN>, {F DEVICES IN MAT LD

EEM EFF AND DEVICE+CABIN M,GEN MUST BE LOADED INTO MAT DD
EEFORE USTHNG THIS SUBRCUTIMNE

OUTEUTS :

M.REM (MG/HR) FOR ALL DEVICES + CARIN CALCULATED AT CAV,
ARE =TORED IN MAT DD 0L 21
SMEEM=5UM OF MAZZ OF CONT REM IN DEVICES (M3/HE}
SMGEN=STM OF MASS GENERATED BY ALL DEVICES + CABIN (MG HR) 27

LOAD DEVICES 1 AND 2 WITH CIN AND OOUT+M. REMOVED FOR DEV 2
DEVICE 1=CABIN
LOATy MAT DD WITH CAYV CARBIN
D (1, L7) =CAV
D&l , 18) =CAV
oo(l,21)=92
DEVICE 2
DD(2,17)=CAV
DD(Z, 18)=CAay
DD 2,21 )=DD{2,2)*D0(2,18)
FOE DEV 3-15 CALC CIN COUT AND M,REMOVED BY DEVICE
IF DEVICE FLOW EATE={(/ THEMN SET CIN,COUT,& M.GEM=0
IF {DOVJ, 2} .EQ.0) THEN

Do T, 171 =0

DT, 18) =0

DR (J,21)1=0

GCoTo 1010
ENDIF

IF UBRSTREAM DEVICE=1 08 2 THEN SET INLET=CABIN CONC+DEY M,GEN/D




45 IF{(DD(J,4) .BQ.1}.OR. (DD(J,4) .EQ.2)} THEN

49 DD{J,17y=p0(1,18)+DD(T,1%) /TD({J, 2)

50 ELZE

51 C DETEREMIMNE FLOWS,CIN AND COUT FOR DEVICES WITH RELATIVE ADDRESSES
52 IF (OD(J,4).B3,0} THEN

53 CrR01=0

54 CHO1=0

55 ELSE

56 CHNO1=D0 (NINT(DD{J, 41,2}

57 CHNO1=DD(NINT(DD(J,4)),18)

cd ENDIF

54 IF (DD(J.5!.EQ.0} THEM

&0 CHRO2 =0

£1 CHOZ =0

&2 ELZE

&3 OMNOZ=DD {NINT(DD{J,S5) ), 2)

&4 CHOZ=DDH{NINT (DD{J,5)), 18}

£5 EMNDIF

66 IF (DD(J,5}.EQ.0} THEM

67 QMHD3 =0

65 CI3=0

G4 ELSE

70 CHO3=DOHNINT (DD (J, &)}, 2)

71 CHOA=DOH{MNINT (DD{J, &) ), 18}

T2 ENDIF

73 C

T4 C IF ALL UPSTREEAM DEVICE FLOWS={

75 IF (CNOLl+ONOZ+GNO3 L ED.0) THEN

FLs DDY{T,17) =0

77 DD{J,18}=0

Ta DDY{T,21) =0

T4 OPEM (2, FILE="CON', IOSTAT=I0VAL)

a0 WRITE(*,*)' FLOW HALTED-UPSTREAM DEV TURNEL OFF-
Bl + INC END TIME:DEV=',TH,DD:{J,1)

82 CLOSE (2]

83 GO o 100

&4 ELSE

&85 O CALCULATE T

B& DD(T, 17} ={QNOL*CHNOL +0NOZ *CHNO2 +ONOI *CHO3 ) /
g7 + (OMOL+ONOZ+0MNO3) +DD T, 18 /TD (T, 2)

B ENDIF

g8g O END QOF DETEREMINE FLOWS,CIN,COUT OF DEV WITH REL ALDE.
G ENDIF

%1 C CALCULATE COUT

G2 DT, 18 =DD(J, 171 *t1-D06T, 200 )

43 ¢ CALOCULATE SUM OF MASS BEEMOVED {(CIN*O*REM EFF)
G4 DD (J,211=0D0¢J, L7V *0OD{J, 2 *DD(J, 20}

45 100 CONTINUE
96 C END OF LOADING OF MAT DD WITH DATA AND CALCULATING CIN COUT,M.REM
47 C S5UM TOTAL MASS OF CONT REMOVED BY ALL DEVICES {2-15) {M3/HR}

83




98 SHMREM=1)
L4y Do 101 J=2,LINZ
1410 SMREM=SMEEM+DD (T, 21}
101 10 COMTINUE
102 ¢ SUM MASS OF CONT GENERATED IN ALL DEVICES+CABIN (1-1%) [(MG/HR}
103 SMGEN={
104 DO 102 J=1,LINZ
105 SMCEN=SMGEN+DD (J, 14)
106 10z CONTINOE
107 ¢ ©CALC M.REM CABIN AND PUT IN DD{1,:21}

108 DDil,21) =SMGEN--MFEM

105 RETUERN

11{] C Ik E kRN EN'D DF SUER':"UTINE C.F'LLCM ek e g vk ve T Bl i ok ok ek M bk ok kN oW W
111 ERCH

NUMEER OF WARNINGS IN PROGRAM UNIT: O
NUMBER COF ERRCRS IN FROGRAM UMIT: {
MUMBER OF WARMNINGS IN COMPILATION : D
NUMBER, OF ERRORG IN COMPILATION : 0O

84




EM/FORTRAN Compiler (VZ.42)

Source File: C:A\BMFORT\TCCAWCATENE. Options: /C &80 /L /BY G5/21/792 12:55:12
1 & RS SRS EREREEERREEEEEEEEEEREEREENREEEEE BN R 3 Bk I R R g A VI
2 * SUBRCHTINE CATENE *
3 C * CALCULATES EFFICIENCY OF CAT EBUERNEER »
4 c A RS S EEE R ERE R SRR R R LRSS RRREEEREEREREREERFEEREEREEREEE B EFEERSEEE BRI R R
5 C
& SUBREOQUTINE CATEMNE (EMAX, OXID, EFF)
T
B C INPUTS:
G C EMAX=MAXIMUM BED EFFI{IENCY (DEC)
10 ¢ CKID=DEGREE OF QXIDIZATION OF CHEMICAL (l1=FULLY, O0=NONE)
ll C OQUTPUTS:
12 C EFF=FEEMCWVAL EFF {DEC}
13 C
14 IF{QXID.LT. ) OXID=0
15 IF{OXID.GT.1) OXID=1
16 EFF=EMAX*XID
17 IF{EFF.LE.0) EFF=0
18 IF (EFF.GT.EMAX) EFF=EMAX
15 EETUEL
20 EMND
21 iy LB EEERREEEE LR LR & J., EMND OF SUBEOUTIME CATENE *%*#&*kttadhkabahhhnmnrewy
NUMEBEE OF WAENIMGE IN PROGRAM TUUNIT; O
NIMEBER OF ERERORS IN PEROGEAM UNIT: 0O
MUMEER OF WAENINGS IN COMPILATION : O
NUMEEE. OF ERRORS I COMPILATION : O

&5




EM/FORTRAN Conpiller {VZ.42})
Source File: C«\RMFOET\TCCA\CNRSUE. Opticns: /C 80 /L /BY 05421792 12:55:1%

86

NN Rl Sl e v el =l yd el vl el il
b B o 0 e A R B O i ] oA s G B e

Gab Led Gk dud By B B B B
Lt B3 2 W2 0O =0 AT

Lad b Lod Lad Lad Ll
L+ R e Ay T

o= uf-
= O3

(1= T T T = T
O LN s L B

Ly
=]

N0 oo n

It X En RN e in e e R e Rn e R Re R e En et Rekn Rt R R e Ra e

tE B ERES R SRR EREEEFFEEEFEFEEITIEEIIEEEEEEEEEREEE SRS LR R L E-E R E IR

* SOBEOUTINE CHESDE *
* FOR 1 COWNT AT A TIME AT CAV FRED, CALL EFF SUBROUTINES *
* FOR DEVICES AND FUT EFFICTIENCY IN MAT DD COL 20 *

R ERR SR L EFLEEFAEEEREEERE S AN TN ERESEREEEEEEEERERESEEELEEREESEEEEEE R A LRCR

NOTE: DEVICE NUMBERS IN THIS SUBRCAITINE REFER TO DEVICE TYFPES,
NOT THEIE RELATIVE PCESITION IM MAT DD

SUBRQUTINE CHRSUB{I,TN,TNLl, AVERD, DD, NEOW, NCOL, ¢, NROW1 , NCOL1 ,
SUBROUTINE CHRESUB{I, TN, TNLl, DD, NEOW, NCOL, O, NROW1 , NCOLL,
+CDI, NROWZ , NCOLZ , LINZ |
INTEGEE. NROW, NCOL, NROWL , NCOL1 , NROWZ , NCOLZ
REAL DOH{NROW, NCOL)
REAL CCI(NBROW1 , NOOL1}
REAL CDI (HROWZ ,NCOL2 )

SUBRCUTIMNES REQUIRED:
ACHED-REMOVAL EFF OF AXTIAL CHARCOAL BED
RCHED-REMOVAL EFF OF RADIAL CHARCOAL BED
ALTOH-REMOVAL EFF OF AXIAL LICOH BED
COOXID-REMOVAL EFF OF CO QXIDIZER
CATENE-REMOVAL EFF OF CAT BURNER
CONDHX-REEMOVAL EFF OF CONDEMSING HX

TNPITS:
FROM POSET FREDCT, AND CONVERG
T=CONT N,
TH, THN1=CONT IMNCEEMENT FIMNAL,INIT TIME (HES)
CAVPED=CAEBIN AVERAGE CONT CONC (MG/CD M)
DD, NROW , MCOL=NAME & DIMENSIONS OF MAT DI
COLNROWL , NCOLT =NAME & DIM OF MAT CC
CDI,NROW2 ,NCOLZ2=MAME & DIM OF MAT CDI
LINZ=NITMBER OF DEVICES IN MAT DD
FROM EFFICIENCY SUEBROUTINES
EFF=REMOWAL EFF [DEC]
OUTPUTS :
TV EFFICIENCY SUBROUTINES
DEVICE AND CONTAMINANT INFOEMATION AS REQUIRED
DDHWT, 22 ) =DEVICE INLET CONCENTRATION
TQ PCESET, PEEDCT, & CONVRG
PUTS REMOVAL EFF FOR EACH DEVICE IN MAT DO COL 20

EFFICTENCY FOR DEVICES 1 AND 2
DD{l,20}=0
Dhi2, 20} =0D{2,8]




48
49
=0
51
52
53
54
nh
56
57
e
vy
60
&l
£z
63
£4
65
1)
&7
&4
&9
70
71
72
73
74
75
76
T
T8
Ta
20
Bl
B2
8l
Hd
g5
g6
H7
He
R
el
91
42
53
G4
o5
4h
a7

I T & X

SET COUNTEER FOR REATLING CHAR SME IN MAT OO FOR DEVICE TYEE 3
E=9

BEGIMN LOOP FOR DEVICES 3 TO 15 OF MAT DD
DO 100 J=3,LINZ
INDEX COUNTER
I{:K-I'-E
SET REM EFF=0 AMND GO TO END OF J LOOP IF DEVICE FLOW = 0
IFIDD{(J,2} . LE.1E-10)] THEN
oD{T,201=0
GOTO 80
ENDIF
DECISIONS FOR VARIOUS DEVICES
IF (NINT(DD(J,3)).EQ.3) THEN
G0 TO SUBROUTIME FOR DEVICE TYPE 3I-AWTAL CHARCOAL BED
CALL ACHED{TN,TN1,DD(J,22},DD{1,10),DD{1,13),0D(J,2}),D0¢{J,8),
+ DD(J,2),DD{J,10Q} ,DD(J,12}.DD{J,13},CDT{I,2),C0OI (1,3},
+ CDI(TI,4},CDI{I,5),CDI{I,6),000I, K], EFF)
STORE EFF IN MAT DD
DD{J, 201 =EFF
ELSEIF (WINT(DD{(J,3)).EQ.4) THENM
G0 TO SUBROUTINE FOR DEVICE TYPE 4-RADTAT CHARCOAL BED
CALL RCHED{TM,THN1,DD{J,22},DD(1,10),DD{1,13).D0(J.2},D0(J,8),
+ DOH{J, 8%),DD(T,10},D0{T,11},004T,12),DD(J,13),C0I(L,2Y,CDI(I,3),
+ DI(I,4),CDI(I,5),CDI(I,&),0C(1,K),EFF} )
STORE EFF IN MAT DD
oo {J, 20} =EFF
ELSEIF [(MNINTI(DM:(J,32)).EQ,5}) THENW
GO T SUBROUTINE FOR DEVICE TYPE S5-LICH BED
CALL ALIOH(TH,TN1,DD{J,8),DD{J,%),DD!{J,10} ,D0{J,12),DD{J,15),
+ DL{J,16),CDI(I,7),EFF)
STORE EFF IN MAT DD
DIH(J, 201 =EFF
ELSEIF (NINT!DD{J,3}}.EQ.&) THEN
G0 TO SUBROUTINE FOR DEVICE TYPE &£-00 OXIDIZER
CALYL COOXID(DDAT,2),DDIT, 280,00 {J,9) ,DD{J,10) ,CDI (1,4} ,EFF)
STORE EFF IN MAT DD
DD{J,Z20)=EFF
ELSEIF (NINT(DD({J,3)).EQ.7) THEN
GO TO SUBROUTINE FOR DEVICE TYPE 7-CAT BUEMNER
CALL CATBNE(DDI(J,8),CDI(I,23),EFF}
STORE EFF IN MAT DD
D (.J, 20) =EFF
ELSEIF (NINT(DD(J,3))_.EQ.8) THEN
GO TO SUBROUTINE FOR DEVICE TYPE S-CONDENSING HXY
CALL COMDHX{DD(J,2},DD{J,8),DD{J, %},CDI(I.4),CDI(I,5),CDI(I,&),
+ DD(T, 22, EFF:
STORE EFF IN MAT DD
DO(J,20) =EFF
ELSEIF (NIMNT{(DD{J,3)}.ED.%) THEN

R7




FM/FORTRAN Compiler (VZ.42)

Source File: C:A\RMFORT\TCCACOMDHX., Options: /C 80 /L /BEY 05/21/92 12:55:13¢
1 C ‘l"!l'*:'ririr'.l'i.'i*ti'i'*i‘***ﬂ"!’!’f‘l‘#*#ttﬁttt*1':##ttt!’t*****tttt!’****t***ttt***
2 * SUOBROUTINE COMNDHX *
3¢ * CALCULATES EFFICIENCY OF CONDENSING HY *
_4 C *t*it*!****#tt*t‘ki'kiririririrt!:*******itt***#*#ﬁtﬁw***#*tﬂ-*:tt’*i—****tt
5 ¢
6 SUBROUTINE CONDHX (BEDQ, EMAX, MLIQ, MW, VCONC, S0L, CAVPRD, EFF}
7 EEAL, MW,MLIQ,H, PA, XA, NOUT
g C
4 ¢ INFUITS:
10 C BEDQ=BED FLOW RATE {M3/HR)
11 ¢ EMAX=MAXIMIM POSSIBLE REMOVAL EFFICIENCY (DEC)
iz C MLID=WATER FLOW RATE IN HX DUE TC CONDENSING (KG/HR}
13 MW=MOLECULAR WEIGHT OF CONTAMINANT
14 VCONT=VATOR CONCENTRATION OF CONTAMINANT (MG/M3I)
15 ¢ SOL=HENRY'S LAW COEFFICIENT {ATM,/MOIL, FRACTION)
16 € QUTPUTS:
17 ¢ EFF=REMIAAL EFF (DEC)
18 ¢
14 CAIN=CAVPERL
20 IF {CAIN.LE.1E-10) THEN
21 CATN=0.1E-10
22 ENDIF
23 IF (50L.LE.1E-10) THEN
24 EFF=0)
25 ELSE
26 IF CONTAMINANT IS AMMCMNIA - USES EXPERIMENTAL DATA FROM J5C-087G7
27 ¢ FOR AMMONIA REMOVAL AS A FUNOTION OF 002 CONCENTREATION (B/23/776)
25 IF (MW.EQ.17.0) THEM
25 CADUT={{CAIH*BEDQ]-fMLIQ*lBQ+5847418*CA1H**G.534915256}}IEEDQ
3 EFF=( (CATIN-CASUT) /CAIN} YEMEX
31 ELSE
32 C CONTAMINANT IS NOT AMMONIA
33 C CALCULATE CONTAMINANT PARTIAL PRESSURE AND WATER MOLE FRACTION
34 FPA=CATN*1 , 0E-9*%82 Q&*2T7E/M¥
35 XA={PASL} /{{MLIQ*{1000/18) ) /(BEDQ™ (1003/22.4} 1 +5S0L/1)
36 NOUT=MLIQ*X2*1000/18
37 CAOUT={ {CAIN*BEDD] - (NOUT*MW* 1000} )} /BEDQ
38 EFF=[ {(CATMN-CAQUT ) /CATN} *EMAX
39 ENDIF
40 ENDIF
41 IF{EFF.LE.Q} EFF={
42 IF{EFF.GT,EMAX) EFF=EMAX
43 EETURN
44 ENL
45 {: MH N A hrEAred® o kaw EI-.‘]'D .-:].F EUBRGUTII"JE {:GN‘DH}: i*tt*tti**t*ﬂttt*t****i
NUMEBERE OF WAENIMGS IN PROGREAM NIT: O
NIOMEER OF ERERORS IMN PROGEAM UMNIT: 0
NUMEEE. OF WARNINGS IN COMPILATION : 0
NIMEER {F ERECRS IN COMBILATION : {

&9




EM/FORTEAN Compiler (V2.42)

Source File: C:AZEMFORTWTCCNCOMVEG. Options: /C 80 /L /BY 05/21/92 12:55:41
l C TR A XN A LA E T LT A E T T TR E R L A E A L L E LN N AN NN NI AR A A KA LT A A A kA X ALt
a4 C * SUBROITINE CONVEDS w
3a * MAINM CONVEREGEMCE LOOF SURBRIITINE *
4 C *  USIM: CAV PRED' & BASED ON S5UM MASS REM OF LAST THCR, CaLo *
b * NEW REM EFF, CaV CALC, CEQULIB, CFINAL, & M. REMOVED *
(R *  PUOT THEM IN MAT DD} - WORKS FOR OME CONT AT & TIME *
7 .:: B A R B B i e il e o i o i e e e e e i e B B Rl R I R
g
G SUBROUTINE COMNVEG (I, TH, TNL , CAVERD, DL, NRDW, NCOL

10 +00 , NROWL , NCOL 1, CDT, NEOW2 , NCOL2 , CAVCLE , CFINAL, CEQLIE, KK, LIN, LINZ,
11 +MNI, PRTSW3 , IMZGDN)

1= INTEGER NROGW, NCOL, NROW1 ,NCOL1 ,NROW.2 , NCOLZ , PRTEWS , KK

13 CTHARACTER NN (MROW1, *30

14 REAL DO{NROW, HCOL)

1% REAL COC(MEOW1,NCOL1}

1& EEAL CDI (NROWZ ,NCOLZ )

17 REAL X1,X2,¥l,¥2,SLOFE

132

1% SUBROUTIMNES REQUIEREED:

a0 PEAFTIL-ZERCS MAT DD COL 17-21

a1 CHESUEB=-USING CAY PRED CALC REM EFF FOR ALL DEVICES-PUT IN I COL Z0
22 MASBAL-CALC CAYV CALC,CFINAL,CEQULIE.M.EEM

90

Lt fad 4o La? b dod Lad Do beb o Bl B B RO B B
Co =] o LA s L B 2 WD 00 -0 Ty L e L

B s e g
LAl L B S

1<%
h
Nl NN NN Ns R Rt it s i Re ke ke Ekrie ke Re iR e

o
=]

INPUTS:
FROM MCALC

T=CONTAMINANT NO.

TH, TNl =TINCREMENT END & BEGINNING TIME (HRS)

O, MEOW, NOOL=NAME & DIM OF MAT DD
CC,NROW] , NCOL1=NAME & DIM OF MAT CC
CLT,NROWZ , NOOL2 =sNAME & DIM OF MAT CDI

LIN=NJ. OF CONTAMINANTS IN MAT CDI

LIN2=NC. DEVICES IN MAT DD

IMSGDN=DEVICE N, FOR MESSAGE QUTEUT
CAVPRE=PREDICTED CABIN CONC FOR IMNCEEMENT (MG/LCU M)

FROM PRAFIL

ZERCE IN MAT DD COL 17-21

FROM CHESUE

CALL REM EFF SUERCUTINE & PUTS REM EFF FOR EACH DEV IN DD COL Z(

FROM MAZBAT

CAVOLO=CALC CABIN CONT CONC (MG/CUF M)
CEFINAT=FINAL INCE CABIMN CONT {CONC (MG/OUM)
CEQLIB=EQUILIBRIUM CABIN CONT CONC{MG/CT M

OUTPUTS
T3 MCALC

CAVCLC=CATL CABIN COMNT CONC (MG/CTF M)
CFIMNATL=FINAL INCR CARBIN CONT {CONC (MG/ZUM)
F¥=COAINTER FOR COMNVERGENCE
CEQLIB=E{UILIBRIUM CABIN CONT CCHC {MG/CTT M}




48
49
50
51
0a
53
54
55
=1
=y
58
54
&0
61
62
63
64
65
65
&7
B8
&3
70
71
72
73
74
=
76
a
e
TG
a0
al
g2
B3
a4
85
86
g7
g8
89
S0
41
52
93
44
9%
96
97

PREEPRER SRR N RSN e NN+ RSN Ee Rt R Rl

m Y ol

M.REM IS5 IMN MAT DIt COL 21

T PRAFIL

MAME & Z2I2E OF MATRIX + FIRST AND LAST COL T BE ZEROED
TC CHESUE

T=_CONT MO,

TH, TN1=CONT INCREMENT FIMAL,INIT TIME (HES)

DEVICE AVERAGE CONT CONC (MG/M3I} = DD{J,22)

DD, NFOW, NCOL=NAME & DIMENSIONS OF MAT DI
{0, NROWL , NCOL1 =NAME & DIM OF MAT CC

CDI ,NEOWZ ,NCOLZ=NAME & DIM OF MAT CDI
LINZ=NUMEER QF DEVICES IN MAT DD

T MAZEBAL

I

T, TH1

CVOL=CABIN VOL (U M)=D>({1,9}

CINIT=INCE INIT CABIN CONT CONC (MG/CU M)=CC(I,1)

CONVERGENCE ERROR (DEC)
CMVERE=DD{1,12}
IF{CHVERE.LT.1E-10) THEN
OFEN{ IMSGON, FILE="C0N ", IOSTAT=TOVAL)
WRITE{IMSGOH, *} 'CONYV ERRCE<1E-10:PROGEAM TERMINATELD'
CLOSE [ IMSGIN |}
STOP
ENDIF
EE=1
DO 100 KE=1,20
ZERD MAT DD COL 17-21
CALL PRAFIL(DD,NROW,NCOL,17,211)
USING CAVPRED FINI REM EFF OF EACH DEV & PUT IMN DD COL 20
CALL CNREUB (I, TN, TH1,DD,NROW, NCOL, CC, NROWL ,NCOLL,
+ CDI,NROWZ \NCOLZ , LINZ)
FIND CAVCLC FOR THESE REMOVAL EFFICIENCIES
CALL MASBAL{I,TH,TN1, DD, NROW, NCOL, COC, HROWL , NCOL1,
+ CAVCLC,CDI,NROW2 ,HNCOLZ , CFINAL, CEQLIE, LIMN, LINZ!
IF PRTSW3=1 THEN PRINT MNAME & NO + CONV VALUES
IF (PRTEW3I.ED.1) THEN
OPEN({ IMSGDN, FILE="CCON', IOSTAT=TOVAL)
WRITE {IMSGDN, *) ' PRINTCUT FOR COMVERGSENCE VALUES IN CONVEG®
WRITE (ITMSGON, 50) I,MMN(I)

g5 FORMAT(1X, "CONT MO.= ', T4, K 2%, A4)

WERITE (IMSGDN, *) ' CAVPRD, CAVCLC= ', CAVERD, CAVCLLS
CLOSE { IMSGDM
ENDIF

IF CAVCILC=CAVFRED THEM EXIT THE KE LOoAp
IF(CAVOLO.EQ.CAVERD) GOTO 101

TF CAVFRD«<1E-1{} THEN SKIF CONVERGENCE STEFR
IF (CAVPRED,.LT.1E-10) GO 80

IF CONVERGENCE IS REACHED EXIT THE KE LOOP

a1




58

GO
100
101 C
102 ¢
103
134
105
10&
167
108
109 C
114
111
112
113
114
115
115
117 ¢
118 ¢
119
120
121
124 C
123
124
125
126
127
128
129 C
1340

NUMEER
NITMEEF,
HNUMBER
NIMEER

92

a0

a9d
104

101

*HHrkxkwxwx* END OF SUBROUTINE CONVEG

IF {ARS{ {CAVPRD~-CAVCLC) /CAVFED) . LT.CHNVEFRR] THEM
GOTO 101
EMDIF
CONVERGENCE CALCULATION EOUTINE
USE THE BISECTION METHOD FQR THE ITERATION WHERE EE=1
IF (KE.EQ.1} THEN
INITIALIZE X2 AND ¥Z FOR THE NEXT ITERATION
K2=CAVERD
YA =CAVOLO-CAVERD
CAVPRD= {(CAVPRD+CAVCLO ) /2
ELSE
UZE THE NEWTON-RAPHSON METHOD FOR ITERATIONS WHERE KE-1
Xl=XZ
Y]l=¥Y2
X2 =CAVERD
Y2 =CAVCLC-CAVIRD
SLOPE=(YZ2-Y1}/{X2~-%1)
CAVPED=X2-0,95*Y2 /S5LOPE
EMDIF

S5ET CAV IN PRED DD{I, 22} = CAV IN CALC DDI(I,17)
Do 80 J=1,LINZ
CD{J,22})=pD{J,17)

CONTINUE

CONTINUE

END OF EKE LOOF

CONTINUE

REETURN

END

OF WARNINGE IN PROGRAM UNIT: 0
OF ERRORS IN PROGRAM UMNIT: (
OF WARNINGS IN COMPILATION : O
COF ERRORS IN COMPILATION : 0

LR R R R AN EEEREEREEXEEEXEXEX B




EM/FORTRAN Compiler {(V2.,42)

Source File: C:A\RMFORT\TCCA\COOXID. Opticons: /C 80 /L /BY 05/21/92 12:55;52
1 C LA R LR E S EELEEEREREEREEREEREEREREEREEEELEEEEEENEERE FEERE LR R R R R R I R
2 C * SUBROUTINE COCXKIL *
3 C w CALCULATES EFFICIENCY OF CO OXIDIZER {PL on charcoal)} *
d O R R R R R R E R E R R R R SRR EEREEE R R R L EEEEE XY
5 C
& SOEROUTINE COOXID (BEDD, EMAX , BEDL, BEDDIA , MW, EFF}
7 RERT, MW
HC
4 T  INFUTTS:
19 ¢ BEDQ=EED FLOW RATE (CUJ M/HE)
11 C EMAX=-MAXTMIM POSSIBELE REMOVAL EFFICIENCY (DEC)
la C EEDL=EED LEMNGTH (M}
13 C BEDDIA=EED DIAMETEE (M)
14 C MW=MOLECTILAR WEIGHT CF CCONTAMITNANT
1% © QUTEUTS:
1t C EFF=EEMOSAT. EFF (DEC)
17 C
18 WORKS COMLY FOR €0 MW=28.01 OR HZ=2.0Z2; OTHERWISE REM EFF=0
19 IF ({MW.EQ,28.01).0R. (MW.EQ.2.021} THEN
20 EFF=EMAX
21 ¢ IF RESIDEMNCE TIME <0.2 SEC THEM REM EFF DRCPS LINEARLY
22 C EREST = BED RESIDENCE TIME {SEC}
23 BREST=1(3,141502654 /4 ) *BEDL*BEDDTA**2 * 31500 /BEDD
24 IF [(BREZT.LT.0.2) THEN
25 EFF=EMAX*BREST/0.2
26 EMNDIF
27 ELSE
28 REM EFF FOR OTHER THAM O OR HZ = ZERD
29 EFF=0
30 ENLIF
Jl IF(EFF.LE.} EFF={
32 IF{EFF.GT.EMAX) EFF=EMAX
J3 EETUEM
3d END
35 kkkkkdhkhkrhkk kv wnenwn TMND OF SUBROITTINE COOKTD **Fdh kA rx kA XAk X nw oy
NUMEEE OF WARNINGS IN PEOSEAM UNIT: [
NIMEER OF ERRCES IN PROGEAM UNIT: O
HIMEBER OF WABMINGS IN COMPILATICON ; 0O
NUMBEE OF ERRORS IN COMPILATION : [
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EM/FORTRAN Compiler {V2.42)

R R R R R A AL EFEEEEEEREERESEEREEREEREEEEXEEE X R I T ISyt d S S g S g g e e E T

MOTE: INFUT STRING MUST HAVE SINGLE QUOTES ARSUND IT
MNOTE: INPUT NUMBEERS MUST EE SEPARATED BY BLANKES
SUBRECUTINE CEINI[NM, XX, NROW, MCOL, LIN)
INTEGER NREOW,HNCOL, IOVAL, LIN
CHARACTER MW (NROW) *30, FNAME*24
REAL XX (NROW, NOOL)
010 READ(*,' {A}'} FNAME
OPEN {1, FILE=FNAME, STATUS= 'QLD' , IOSTAT=TOVAL)
IF{IGVAL .NE.Q) GOTO 900
LIN=0)
DO 100 I=1,NROW
READ(L, *, IOSTAT=I0OVAL, END=500, ERR=400 } BMN(IY, (XX (I,T),J=1,NCOL}
LIN=LIN+1
100 CONTINUE
S00 WRITE(*,' {(A}'} ' DONE WITH FILE INPUT®
WRITE (*,*y ' !¢

Source File; C:\RMFORTWTCCACRIN,FC Options: /¢ 80 /L /BY 05/21/82 12;55:55
C AR SR SR AL FEEEFEEEEREEFEFEREEFEEEEE LR E R E R E N BRI e e e g g g g R T A A R as
L » SUERCUTINE CRIN ¥
£ * SUBROUTINE T2 READ STRIMNG OF LENGTH 30 INTO MAT NN *
Z * AND} READ REAL DATA INTO MAT XX {ROW,COL} *
L * RETURNS NUMEEER OF LINES OF DATA READ FROM FILE *
o
&
[y

N I N e el el el Sl
Pl B e o WD 00 T U Lo B Ot ] Oy s e B

CLOSE (13
GOTO &80
25 900 WRITE{*,*)'‘'IQEREOR= ', IOVAL
25 CLOEE (1)
27 WRITE(*,*) 'WHAT IS THE IMNEFUT FILE MAME? °
28 GOTO 10
29 40 RETURN
30 C LR B RN R EEEEEE S X END DF SUERDUTINE ERIN AT AX T REEREN N A A kT Ed T kAR w
31 EMI}

NUMBEE OF WARNINGS IN PROGRAM [INIT:
NUMBER OF ERERORS IN PROGEAM UNIT:
NUMBER OF WARNINGS IN COMPILATION :
NOMBER OF ERRORE IN COMPILATION ;

Lo vom B B e
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EM/FORTRAN Conpiler (VZ.4Z2)
Source File: C:WREMFORTA\TCC\CROUT.F Oprions: /C 80 /L /BY 05721792 12:56:01

HEPE P
R L e Lad B = 0 a3 O LT e 0 B

bl Bt B3 B B
Bk [ 2 O A O

B
LA

[
Yy
DN aaan

Lad Bt B3
b I o 2 R

g e Wb e e o L b Dt e bed Led L3 Lk dad
LA a0 B = e o T8 -] R LT s L e

PN
1 &ny

A0

AR B R R AL LA EELELRLEEREEEEEEESEEREEEESESEESENERNEREWENEEREREEREREJEEEERIEEE}

SUBRGUTINE CROUT ¥
SUEROUTINE T3 WEITE DATA TO CONSOLE, OR FRINTER *
WRITES STRG CF LEMNGTH 30 FROM MAT MM . REAL DATA FECM MAT x
"

L]

*

¥ N 3 o

XX I{ROW,COL) STARTING WITH COL FSTCOL, AND ENMDING WITH LETCOL

* AND FROM LINE FSTLIN TO LINE LSTLINM

R R E R EE EE EERELEESEEERERESFEREBEEFEEELEEEEEEEREEESEEEEEEEEEE.E R E "JNCE IR IR
SUBROUTINE CROUT (MM, XX, NROW, MCOL, FETCOL, LSTCOL, LIN, FETLIN, LSTLIN,
+ IMSETN , NIHNC , FNAME, IDEVHD, TOVAL )

INTEGER MRCW,NCOL, IOVAL, FSTCOL, LSTCOL, LIN, FSTLIN, LSTLIN, MINC, IDEVHO,
+ TOVAL

CHARACTER FMAME*Z4,DES*1

CHARACTER MM (MNROMWY *30

FEAL X¥ {NROW,NCSL)

IF (FSTCOL,GT.NCOL: FSTCOL=RCOL

IF (LSTOOL.GT.HCOLY LETCOL=NCOL

IF (FSTCOL.GT,LSTCOL) FESTCOL=LSTCOL

IF (FSTLIN,GT.LIN} FSTLIMN=LIN

IF (LSTLIN.GT.LIM! LSTLIN=LIM

IF (FSTLIN.GT,LSTLIM] FSTLIMN=LSTLIH

010 QPEN(IMSGDN, FILE="CON', IOSTAT=ICOVAL}

055

0&Q

070

WRITE{IMSCGDN, '{A) ') ' WRITE T LPT1 OR CON OR END
CLOSE (IMSGDH)
READ{* ' (A}') FNAME
QUIT IF FRAME=END
IF (FHAME.EQ,.'EMD') GO TO 9%0
IF! {FNAME.NE. 'LPT1').AND. (FNAME.NE. 'CCH') ) GOTO 10
OFPEN {1, FILE=FHNAME, IOSTAT=TOVALI
IF(IOVAL,.NE,) GOTO 200
WRITE {IDEVNG,55,I0STAT=ICVAL,ERR=900) NINC
FORMAT ['INCEEMENT N3, = *,I7}
Do 110 I=FSTLIN,LSTLIN
WRITE(Ll,60, IOSTAT=IOVAL, ERR=900} I,MN(I)
WEITE{IDEVHO, 60, IOSTAT=1I0VAL ERR=900) I,MN{I}
FORMAT{1X, "CONT NO.= ', I4,2X. 4]
WEITE(l,70, IOSTAT=ICVAL, ERR=%00) (XX{(I,J},J=FSTCCL,LSTCOL}
WEITE { IDEVHO, 70, IOSTAT=IOVAL, ERE=900) {XX(I,.T),J=F8TCOL, LSTCOL}
FORMAT (1X,7G11.4}

110 CONTINUE

CLOSE {1)
GOTO 850

930 OPEN (IMSGDM, FILE='CON', IOSTAT=I0VAL)

WRITE {IMSGDN, *; ' IOCERROR= ', IOVAL
CLOSE [ TMZGDN )

CLOSE {1)

CLOSE (IDEVHD}

a5




48 C GoTo 10

4G 490 ERETURN

RQ C ¥hkidkdkkhtk END OF SUEBROUTINE CROITT ®* ke w ek tdhkkwekdk b hn L 444k bk ok
=1 ENLE

NUMEBER OF WARNINGS IN PROGRAM UMIT:
MUMEER OF ERRORS IN PROGRAM TINIT:
NUMBEER OF WARMNINGS IN COMPILATION
MNUMBER OF ERRORS IN COMPILATION
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EM/FORTRAN Compiler (V2.42}
Source File:; C:ZBMFORTAWTCCA\CRCUTZ, Options:

SUERCUTINE CROUT2

LI I

x

2 no

+TMSGEINT )

CHARACTER FMAME*24,DES*1
CHARACTER MM (WNROW! *30(

REAT, XX (NROW, NMOOL}

IF (FSTCOL.GT.NCOL} FSTCOL=NCOL
IF {(LSTCOL,GT.HNCOOL) LSTCOL=NCOL

Ul ol el ol el el e
M AN b L B 0o f -] O LA e Lo B

IF (FETCOL.GT.LSTCOLY FETCOL=LSTCOL
17 IF (FSTLIMN.GT.LIN] FSTLIN=LIN
18 IF (LSTLIM,GT.LIN] LSTLIN=LIN
19 IF (FSTLIN.GT.LSTLIN) FSTLIN=LSTLIN
20
21 013 OPEN(IMSGDN, FILE="C0N', IOSTAT=I0OVAL)
22 WEITE (IMSGDM, * (A}') ' WRITE TO LPT1
23 CLOSE [(IMSGDN)
24 READ (*, ' (A)'] FNAME
25 QUIT IF FMNAME=END
26 IF {FHNAME.EQ.'END') GO TC 990
27 IF{ {FNAME.NE, "‘LPT1"') .AND. {FNAME .NE.
28 OPEM (1, FILE=FNAME, IOSTAT=ICVAL)
29 IF{IOVAL . NE.OQ0} GOTO G000
30 0 110 I=FSTLIN,LSTLIN
11 WRITE(1l, 70, IOSTAT=IOVAL, ERR=900)
iz 075 FORMAT (1X,7G11.4)
33 110 CONTINUE
34 CLOSE (1}
35 OG890
36 00 OPEN (IMSSDN,FILE='CON', IOSTAT=TOVAL)
37 WRITE { IM2GODN, *) ' IOERRCORE= ', TOVAL
38 CLOSE { IMSGEDN )
3% CLOSE (1)
40 GOTO 10
41 993 RETURM
42 T *rxxwewFxdx My OF SUBROUTINE CEROUT
43 END

HUMBER OF WARNINGS IM PROGRAM UNIT:
NUMEBER OF ERRORS IN FROGRAM TINIT:
NUMEBER OF WARNINGES IN COMPILATICON
NUMBEE. OF ERRORS IN COMFPILATION :

fC 80 /L /BY

SUBROUTINE TO WRITE DATA TO CONSOLE, OR PRINTER
WRITES STRG OF LENGTH 30 FROM MAT NN & REAL DATA FROM MAT
XX {ROW,COL) STARTING WITH COL FSTCOL, AND ENDING WITH LSTCOL
AND FROM LINE FSTLIN TO LINE LSTLIN

e AR R L LA LEFEEEEEEREREEFEREERFEFEEFEEEEEEELELEEREEEEEEREREXEEEXEREE ENENEEEE

SUBRCUTINE CROUTZ (NN, XX, NROW,NCOL, FSTCOL, LSTCOL, LIN, F2TLIN, LSTLIN,

05721792 12:56:08

rE S E SR LR LR SREREREREREEERNEEEEEEEEEEEELELEEERZSTEXSEZEEE N EEN.ENIINIEE IR ST g

&+ = *+ *

INTEGER NROW, NCOL, IOVAL, FSTCOL, LSTCOL, LIN, FETLIN, LETLIN

COR €ON OR END

'COM"} ) GOTO 10

{KK{IFJ}IJ:FSTCGLlLSTCGLj

LA R R SR ERER AN EE SR A LR ERALNEERSS S S




RM/FORTRAN Compiller (V2.42)
Scurce File:; C:A\RMFORT\WTCCAZWDATOUT. Opticns: /¢ B0 /L /BY Q5/7/21/92 12:56:16

98

PﬂhﬁﬂhﬂbﬁﬂlﬂJﬁLﬂb}WiﬂwathHMhJHfﬁbJNtthMtﬂh}MPJFHAFJHFJkHJFJH
SR M e O D 0 sl U W B R O I U R L B D WD oD ] T LR B R O 0 0 ] Ty LR e L B e

I I O

NoMNaonnnod OnaaMem Do oonm

* [ I

o

R R E R RS AR FEEEERAEERERENERLERERERENFEEREELEEEETESEENE-JXR.E"JN R R o i g

* SUBROUTINE DaATOUT *
* SUEROUTINE T PRINT HEADINGS AND DATA TO PRINTER,COM,OR FILE +
R SRR SRR EEEREERERTERELE ER L T R e R E R R RS
NOTES: {1)FILE MUST BRE OPEN BEFORE CALLING THIS SUBRCUTINE

{2] IDEVHO MUST BE & FOR FORM FEEDS T EE PRINTED

SUBROUTINE DATCEIT (T, TNL ; LIN, DD, NROW, NCOL , OO, NROW]1 , NCOLL,
+CDI, NROWZ , NCOL2 , LINZ ., M, FRTSWE , PRTSWS , PETSWS,
+IDEVNG, NIMC, IMONTH, IDAY, IYEAR, ITHOUR, IMINUTE, FNaME, IOVAL, IPGCTR,
+TWVAL,FCPLOT, IDEVHL, IDEVN3, IDEVMZ2 )

INTEGER PRTEWG, PRTSWE, FRTSWY , TWVAL, NINC

SUBROUTINES REQUIRED:

PRCDA=PRINT QUT OF CONTAMINANT LATA

PRREM1=PRINTCOUT OF RATE OF CONTAMINANT REMOVAL {MO/HE) -SHEETL
PRREMZ=PRINTCUT (F RATE OF CONTAMIMANT REMOVAL (MCG/HE) -SHEET?
PRMAS] =PETHNTCUIT GF SUM MASSES REMOVED EY DEVICOES (M3} -SHEET1
FRMASZ =PRINTOIIT OF SUM MASSES REMOVED EY DEVICES (MG =-SHEETZ
PREFF=PRINTCUT {F INOREMENT END REMOWVAL EFFICIEMNCIES

INPIITS FROM MATN PROGRAM:

TH=INCEEMENT FINAL TIME {HRS)
TH1=INCREMENT INITIAL TIME (HRS)
LIN=MNC. OF CONT IM MAT CC A D MM
LDD,NECW , NCOL=NAME & SIZE OF MAT DD
CC,NROW] ,NCOL1=NAME & SIZE F MAT

CDI,NROWZ , NCOLZ=NAME & SIZE OF MAT {DI

LINZ=NC. DEVICES IW MAT DD

NWN=MNAME COF MAT NN

MNINC=TIME INIREEMENT NUMBER
=0 THEM PRINT HEADNNGS & DATA FOR PRECALCULATION SET UFP ROUTINE
=-1 THEM PRINT HEADINGS & DATA FOR FIMAL ANSWERS
ELEZE PRINT WITH FROPER INCREMENT NUMBEER

IDEVNO=0UTPUT DEVICE NUMBER {SHOQULD BE £}

TMCONTH. . THOUR=DATE aND TIME VARIAELES

[PGCTR=PAGE COUNTEE FOR SEQUEJTIAL PAGE N(O. 'S OM ALL FAZES

CUOTPUT TO MAIN PROG:

TOVAL=STATIIS OF IOERROR IN SUBRCUTINES

TEST (CACE *##%¥vhkhkx

LIN=12%3

FPRINT OUT CONCENTRATICH DATA
CALL FRCDA{TN,THN1,LIN,CC,NREOW1,NCOLL,CDI, NROW2 ,MNOOL2 | NI,




48 + IDEVNO,NINC, IMONTH, IDAY, IYEAR, THOUR, IMINUTE , FNAME , IOVAL,, IPGCTR,

49 + PRTZW3, PRTSWS,FCPLOT, IGEVN] ]

50 C FRINT OUT MHBR B060,1 GROUP CONTRIBUTION VALUES (T-VALUES)

51 IF [ (TVAL.EQ.1).OR. {TVAL_.EG.2)) THEM

02 CALL GROUP (TN, TN1, LIN,CC, NROWL, NCCL1,CDI, NEOW2 , NCOL2 , NN,

53 + IDEVNO,NINC, IMCWTH, TDAY, IYEAR, THOUR, IMINUTE, FMAME , TOVAL,

54 + IPGUTR, TVAL, IDEVN3, PRTSWE )

oD ENDIF

o IF {PRTSW&H.EQ.1) THEN

o IF {(PRTSWZ.EQ.1l) .OR. {(PRTSWE.EQ, () .AND, (NINC.EQ.-1)}} THEN

58 C FPRINTOUT OF RATE OF CONTAMIMANT REMOVAL BY DEVICES-SHEETL

5% CALL PREEM] (TW, TN1,LIM,CC,NREOW1,NCOLL, CDI, NROW2 , NCOLZ , NI,

60 + IDEVHQ, NINC, IMOWNTH, IDAY, IYEAR, THCUR, IMINUTE, FNAME , TOVAT, TPGCTR )
6l C DON'T PRINT SHEET 2 UNLESS NUMBER OF DEVICES IN MAT DD = &8

Ha IF (LINZ.GT.8} THEMN

63 C PEINTOUT QF RATE OF CONTAMIMANT REMOVAL BY DEVICES-SHEETZ

td CALL PRREMZ (TH, TM1, LIN,CC, NROWL, NCOL1, CDI  NROW2 | NCOL2 , NN,

£5 + FDEVNCG, NINC, IMONTH, IDAY , IYEAR , THOIR, IMINUTE , FNAME, TOVAL, IPGCTR)
&6 ENDIF

&7 C PRINTCUT OF 5UM QF MASS REMOVED BY DEVICES-SHEETL

ot CALL PEMASL {TN,THL,LIN, CC,NROWLl,NCOL1,CDI, NROWZ2 , NCOLZ, NN,

G4 +  IDEVNG,NINC, IMONTH, IDAY, TYEAR, THOUR, IMINUTE, FNAME, IOVAL, IPGCTR )
70 C DON'T FPRINT SHEET 2 UNLESS NUMBER OF DEVICES IN MAT DD = &

71 IF(LINZ.GT.28} THEN

Fé C PRINTOUT OF EUM OF MAES REMOVED BY DEVICES-SHEETZ

73 CALL FRMASZ (TN, TN1,LIN,CC,NROW1,NCOL1, CDI, NROW2 , NCOLZ , NN,

T4 + IDEVHO, NINC, IMONTH, IDAY, IYEAR, THOUR, IMINUTE, FNAME, IOWAL, IPGCTR)
75 ENDIF

fi7 ENDIF

T PRINTOUT OF INCEEMENT EMND REMOVAL EFFICIENCIES

7B CALL PEEFF (TN, TN1,LIN,CC,NROWLl,NCOLL, CDI, NROW2 , NCOLZ , b,

Ta + IDEVNG, NINC, IMONTH, IDAY, IYEAR, THOUR, IMINUTE, FNAME, IOVAL,

20 + IPGCTER, PRTSWE, FPRTSW®, IDEVNZ )

gl ENDIFE

g2

B3 RETUEY

a4 EMD

NUMEER OF WARNIMNGS IN PROGRAM TNIT: O
HNUMBER OF ERRORS IN PROGEAM UNIT: 0
MNUMEER OF WARENIMNGS IN COMPILATION : 0
HUUMBER OF ERRORS IN COMPLLATION : 0O
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RM/FORTRAN Compiler (V2.42)

Source File: O:ZWEMFORTAWTCCA\GROUF.F Optiems: /C B8O /L /BY 05721792 12:56:54
1 T FILE GRUJP
2 |:' A A A A E S EREE A4S A EE 2R EEEEEEEREESEEEERSESERESELESSESEEEE & &8RRI ERERESEE L]
3cC * SUBROUTINE GROUP "
4 C * DROGRAM TO PRINT THE GROUP TOXICITY LEVELS AND T LEVEL *
5 C L3 B B T R R B R L R B A
& C
70
B SUERCUITINE GROUP{TN, TM1,LIN,CC,NROWL,NCOLL, CDI, NROW2 , NOOL2 , NN,
G +IDEVHNO , NINC, IMOWNTH, IDAY , IYEAR , IHOUER  IMINUTE , FNAME , IOWVAL,
10 +IPGCTR,TVAL, IDEVIT, FRTSWHE )
11 ©
12 ¢
13 DIMEMSICON GLi1A)
14 REAL CC{HROW1 HCCOLL)
15 REAL CDI {NROWZ,NCOLZ)
16 REAL TLEVL
17 INTEGER TWVAL, PRTSWE, NINC, IDEVHO, IDEVNT
18 C DETEEMIMNE THE SUMS FOR BACH GROUFP LEWVEL
19 oo 25 J=1,16
20 25 GL{J)=0. '
21 DO 30 I=1,LIN
gy, FRACT = CCO(I,4)/CDI(I,6)
23 TSTR = CDI(I,8}
24 MNHE = IFIX{TSTE)
25 GL(NHE) = GLINHE! + FRalCT
26 30 CONTINUE
27 ¢ CATCILATE THE TLEVEL OF THE A5Z0TATEDRN GROUFR LEVELS
28 TLEVL = GL{1})+GLI2}+GL{3] +GLI4]+GL{5)+GL{9) +GL 1Y +GLI11) +
29 + GL{I3V+GL{14)+GL 116}
30 IF {((PRTSW8.EQ.1).CR. [ {PRTSWS.EQ.(} .AND. (NINC.EQ.-1)])}! THEN
31 WEITE (IDEVMG,*,ICOSTAT=-IOVAL,ERR=900) *
32 WERITE (IDEVNG,*,I0STAT=IOVAL, ERR=%00) *
33 WRITE ({IDEVHNO, *,IOSTAT=ICVAL, ERR=900)
34 +' GROUP T-VALUES AS SPECIFIEDR IM MHE 8060.1B APPENLIX It'
35 WRITE (IDEVNG,*, IOSTAT=IOVAL,ERE=Q90O) ' !
36 WRITE (IDEVHMO,*, IOSTAT=ISVAL, ERR=900)
37 +" -01- -2 - -03- -4 - -J5- -J&- -7 - -8 -5 -
38 +-10- -11- -1z~ -13- ~1d- -15- -1le-"
39 WEITE (IDEVHNG, '(/1X.16(Fe.2, 1X}/) ", IOSTAT=IOVAL, ERE=900} GL({1],
44} + GLi{2:,.GLt3).68Lt4),GL(5),GL(&6} ,CL({7),GLI8) , GL{9},GL{10},
41 + GL{i1) , GL{12) ,GL{13) ,GLild} , GL{1%) ,GL{1&}
42 WEITE {IDEVNS, *, IOSTAT=ICVAL,ERR=200!' * OVEERALL T-VALUE'
43 QARLLT = GLI1)4+GL{2)+GL (3} +GLI4) +GL IS +GL 9 +GLI10Y +3L 4110 +
34 + GL{13}+GL{14)+GL{1&)
45 WRITE (IDEVNS, ' (T4,F7.2)',I0STAT=IOVAL,ERR=200} CGALLT
46h ENDIF
47 IF (MINC.MNE.-1); THEN

100



45 ,: R R AR R EE R R RN WEITE T_'ﬁui*AlLUE CaATA TO A PL{:'T FILE FEEH I AL E®EX XX TN
43 1IF {TVAL.EQ.2) THEN

5 WRITE (ILEVNT,S50, ICSTAT=I0VAL,ERR=%00} TN1, TH, TLEVL

51 50 FORMAT {(T2,2(F8,2,1X],F7.2)

LY EMNDTIE

53 ENCIF

54 GOTO 984

L [ FAEREEERT AT N TN Rk h b d ENON OF SUEBROITIMNE **F** & Xk kwkwwh ke kb dhdhh ok
el Y00 WRITE(*, *)'I0 ERROR IN GROUP= ' IOWVAL

57 9%9 RETURN

att EMD

NUMBER OF WARNINGE IM PROGRAM UNIT:
IMMBER OF ERRORS IMN FEROGRAM [INMNIT:
NUMBER OF WARNINGS IN COMPILATION -
MIIMBEE OF ERRORS IN COMPILATION ;

e J ol e Y 2t
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RM/FORTRAN Corpller (V2. d42)

souroe File: C:A\RMFPORTA\WTCCA\HEADGS. Cptions: /O 80 /L /BY 0%/21/82 12:56:28

1 ¢ FILE;HEADGS,FOR

E C LA R A A R EFERSEEREERERLER REREERERE-ER"E X E B KRR T i T A ot u S g S S N (A S A0 13 i SRy e Ay ST R AR
i * SUBRCUTINE HDG1 *
d C * PREOGRAM TO PRINT HEADING-DATE, TIME, FILE MAME, & PASE HNO. *
L LA SRR A AR EREEERLEFRERERERESEREE SRS R EEE R R I IR R R TR TR i N TR W WAy
b

FAR NOTE:FILE MIIST EE OPEN BEFCRE ZTARTING THIS SUBROUTINE

8 ,
G SUBROUTINE HDGL (IMOMTH, IDAY, IYEAR, THOUR, IMINUTE,

1L +FHNAME , TPGHND, TDEVED)

11 C IMONTH, . . ISECCHND=TIME AND DATE MAMES

12 C FNAME=FILE NAME i
13 C IPGHNO=PAGE NUMEER

14 C IDEVNO=DEVICE NUMEER FOR CUTPUT

15

16 CHARATCTER FHNAME*Z4

17

18

14 ¢ WEITE HEADTHG

2 IF (IPGHO ,EQ., 1) THEM

21 WERITE [IDEVIMG, 5, IOSTAT=IOVAL, ERE=9{0]

22 Q05 FORMAT (2X, 'PROGRAM VERSICMN 8.0 Alpha', 5%, '04-10-32', /)

23 EMDIFE

24 WRITE (IDEVNG, 10, ICSTAT=IOVAL, ERR=%00} IMONTH,IDAY,IYEAR,

25 +IHOUER, IMINUOTE, FHAME , IPGHNO

26 010 FORMAT(Z2X,I2,'/*,I2,*/',I4,5%X, 12, ', I2,5%,A, 2%, "CAGE *,I4)

27

25 GO TO 59599

20 GO0 WRITE(*,*)'I0 ERRQR IN HDGl=s ', IOVAL

30 Y99 RETURM

il END

NUMBER ©OF WARNIMGGS IN PROGRAM UNIT:
NIMEER COF ERRORS IN FROGEAM UNIT:

102

e



32
33
34
35
36
37
38
3%
44
41
42
43
44
45
46
47

ol e O

NITMBER
NUMEER

48
44
S0
21
52
53
>4
55
=]
o7
58
5%
&0
61
62
63
&4
£5
&6
&7
68
b5
70
71
72
73

i I e N N

i
e
o
C
C
<

tti**tt******t*tttt*tt*****ttt*t******###t*******#****tttt******

* SUBROUTINE DATTM *
*  SUBROUTINE TC READ SYSTEM DATE AND TIME FOR IEM PC OR AT *

!***i#***t*********t*tttl**********tt******t***t*tt*i********t**

SUBROUTINE DATTM | IMONTH, IDAY, IYEAR, IHOUR, IMINUTE, TSECOND)

REQUIERELD FOR IBM FROF FCRTRAN
INTEGER*Z IMCONTH, IDAY, IYEAR, IHCUR, IMINUTE, ISECOND, IHUNSEC

CALL GETDAT{IYEAR, IMOMTH, IDAY)
CALL GETTIMIIHOUR, IMINUTE, ISECOND, ITHUNSEC)

FETURM
END

OF WARNINGS IN PROGRAM UNIT: 0
UF ERRORS IN PROGRAM UNIT: O

**t**********I******#**tt*****#**i*I*********i*t*****t***ttw****

* SUBROQUTINE HIDGZ *
* PROGRAM TO PRINT HEADING-TIME INCR+INCR INIT AND FINAL JIME #*
* PRINTS TIME INCREMENT NUMEER *

t******#*#tt#tﬁtt***ttttttti**t*tttttti*i***t*********tt*t*t***#

NOTE:FILE MUST BE OPEN BEFORE STARTING THIS SUBROUTINE
SUBROUTINE HDGZ { INCENG, TN1, TN, IDEVNG)

INPTITE :
THNCENO=TIME IMNCREMENT MNUMBEE
TN1=INCREMENT IMNITIAL TIME {HRES}
TN=THCREMENT FINAL TIME (HRS)
IDEVNO=DEVICE MUMBEER FOR OUTEUT

WEITE HEADTNG
WRITE (IDEVNO, 10, IOSTAT=IOVAL, ERR=900} INCRNS, TN1 , TH

010 FORMAT(1X, 'TIME INCR ',I5,2X,'INITIAL TIME (HES)= ' ,F8.2,2X,
+'FINAL TIME (HRS)= *,FB.2)
GO TO 469
900 WRITE(*,*)'I0O ERROR IN HDG2= ', ICOVAL
4453 RETURN
END

NUMBEER OQF WARNINGS IN PROGRAM UNIT: 0
NUMEER {OF ERRCEES IN PROGRAM URIT: [
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74

']5 T L A AR S LEREEREEAEEESIEEE I EAEEREEREEEEERERELREE'R"E T IR I R g T
76 C * SUBROUTINE HIMG3 *
7T C * PROGRAM TG PRINT HEADING-TIME IWNCR+INCE INIT ANMND FIMAL TIME *
Tg C ¥ PRINTE PCALC OFR FINAL INSTEAD OF TIME INCREMENT NUMBEER *
';I'-l_:]- C LA RS EERERERELEEE L LR A EA 2RSSR EREEREERENERERSE'RBNT RN T F IR e
i)
81 C NOTE:FILE MUST BE CFEN EBEFORE STARTING THIS SUBROUTIME
g2
B3 SUBROUTINE HDGI { IFLAG, TM1, THN, IDEVING}
B4
85 INPUTTS:
g6 IFLAG=FLAG FOR TIME INCREMENT (1=FCALC, Z=FIMAL]
67 C THN1=INCREMENT INITIAL TIME {HRE)
BB C TH=INCREMENT FIMNAL TIME (HES)
Y C IDEVNO=DEVICE NUMBER FOR CUTFUT
L
91 CHARACTER INAME*S
92
Y3 IF({IFLAG.EQ.1} THEN
94 INAME="'FCATL'
95 ELZEIF{IFLAG.EQ.2) THEN
HF INAME="'FINMAL'
) ELSE
98 INAME="' ERRCR'
% ENDIF
103
101 ¢ WRITE HEADING
102 WEITE{IDEVNG, 10, I0STAT=IOVAL, ERR=900) INAME, TH1 , TN
103 010 FORMAT(1K, 'TIME INCR ',A,2X, ' INITIAL TIME {HES)= *',FB.2,63X,
104 +'FIMAL TIME (HR3!= ',F8.2)
105
106 GO TO 8999
107 YO0 WRITE(*,*)"'I0 ERROR IN HDG3= ', IOVAL
1048 599 RETUEH
10% EII

MIMEER OF WARNINGS IN PROGRAM UNIT: 0O
NIMBER OF ERECRS IN FROGRAM UNIT: O
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110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
127
130
131
1312
133
124

AN

3

C

NUMEER
HNUMEBER

135
136
137
138
1349
140
141
142
143
144
145
14&
147
148
144
1%0
151
152
153
154
155

O Do o

LE R E RS LR L ERERERERNNEERNIEENENINESESENRE]EJIEENENRBEEERFEEEEREEEEEEEEEEFE BN}

* SUBROUTINE HEG4 *
* PROGRAM TO PRINT HEADING-CONT NO,, NAME, FINAL CABIN CONC *
* MAC, EXCEEDRS MAC *

LE R R R RS LA R LEREEESEEEREERERSLLRSE LSS AL FERERELARSEREERAREERERSNENER"

NOTE:FILE MUST BE OPEM BEFORE STARTING THIS SUERCUTINE
SUEROUTINE HDG4 | TDEVIOH)

INFUTS:
IDEVNO=DEVICE NUMEER FOR OUTFUT

WEITE HEADTNG
WEITE{IDEVMO, 10, IOSTAT=I0VAL, ERR=%00}
010 FORMAT (1X, 'QONT', 14X, 'NAME', 14X, 'FINAL CABIN',6 5X, 'MAC',SX,
+'EXCEEDS!' }
WRITE{IDEVNC, 20, IOSTAT=IOERR, ERR=900)
020 FORMAT{1X,' NO.', 32X, 'CONC {(MG/M3I)', 12X,' MAC ‘)

GO TO 999
Y00 WRITE(*,*)'IC ERROR IMN HDG4= ', IOVAL
94% RETURN

END

OF WARNINGS IN PROGEAM UNIT: 0
OF ERRORS IMN PROGRAM UNIT: 0O

LA A AL R R EREREE AR AR AR AR ERE R ERREEEEENCE N A R I

* SUBROUTINE HDGS *
* PROGEAM T FRINT HEADING-TCTAL COWNT REMOVEDR BY EACH DEV (MG *
* PRINTS SHEET 1-NO,MNAME,CABIN,LEAK,EDEVI..DEVE *

kktdkddhdhdhbd ke rh et kh kbt kb E A E XA A N AR A AN AL AEATT IR N

NOTE:FILE MUST BE CPEN BEFORE STARTING THIS SUBROUTINE
SUBROUTINE HDGS { IDEVNO)

INFUITS :
IDEVNO=DEVICE NUMBER FOR OUTFUT

WEITE HEALING
WREITE{IDEVND, 10, IOSTAT=IOVAL, ERR=900)
0610 FDRMAT:éx,quI'TDTAL COMNTAMINANT MASS REMOVED BY EACH DEVICE (M3
+ HEET 1')
WEITE{IDEVNO, 20, IOSTAT=I0VAL, ERR=900]
20 FORMAT{1X,' NG.', 14X, 'NAME', 16X, 'CABIN',SX, 'LEAK',B8X, 'DEV3"',
+8X, 'DEV4 "'  BX, 'DEVS' 8%, 'DEVE!' 8%, 'DEVT' ,BX, 'DEVERE'}
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156

157 GO TD 959

158 400 WRITE(*,*)'I0 ERROR IN HDGH= ', IOVAL
158 495 RETTIRN

1&0 ENL

NUMBEE OF WARMINGS IN PROGRAM UNIT: O
MUMEER (OF EEROES IN PROGRAM UNIT: 0O

161

162 C P Y N EEEEEREEEREE EEEE R R R R R R R R
163 C * SUBROUTINE HDK:G bl
164 C * PROZEAM TO PRINT HEALDING-TOTAL CONT REMOVED BY EACH DEV (ME) *
165 * PRINTS SHEET 2-NO,NaME, & DEVS. .DEV1S x
J_EE C *t#*f;****'ﬁ'*'ﬁ"ﬂr*#-fr*1':1':*1':*1':1':********!n'***!’!’!’tt*tt********************
147

1&7% NMOTE:FILE MUUST BE (QPEN EEFOEE STARTING THIS SUERDUTIME

169

170 SUBECUTINE HDGE ([ IDEVHO)

171

172 C INFITS ¢

173 C IDEVIHNO=DEVICE NUMEEE FOR CQUTEUT

174

175 C WEITE HEARDTINGZ

176 WEITE{IDEVNG, 10, IOSTAT=IOVAL, ERE=%00)

177 010 FORMATI(1X, 24X, "TOTAL CONTAMINAMT MASS REMOVED BY EACH DEVICE (M)
175 + SHEET 241

17% WRITE (IDEVND, 20, IOSTAT=ICERR, ERE=9{0(]

180 020 FOEMAT(1X, ' MNO.', 14X, 'NaME',16%, ' DEVS',8X, 'DEV1Q' ,7X,"'DEV11".
181 + 7K, 'DEVIZ2 T, 'DEV1E ,TE, 'DEVLL ! \TX, 'DEVLE ")

182

183 GO T 499

1284 Q00 WRITE(*,*)'I{ ERROR IN HDG&E= ", IOVAL

185 949 RETUEN

186 EMD

NUMBEE. OF WARNIMGS IN PROGEAM UMIT: 9
NUMEBEE OF ERROEZ IN PROGEAM TINIT: 0O

187

188 e T L T L R LR Ll
189 C * SUBROUTINE HIDHY ol
190 C * PROGEAM T PRINT HEADING-DEVICE EEM EFF AT END OF TIME INCE  *
191 © * PRINTS NGO, ,NAME, ¥#2, . #12 ' w
182 AR A A A AR F A h ke kr Rk kR kAN R R KW R R RN PR RN R R RN NN Nk k N wF Ik kwrhkk kA&
193

194 C NOTE:FILE MUST BE OPEN EEFORE STARTING THIS SUBRCUTINE

155

1596 SUBROUTIME HDGT [ IDEVRO)

157
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198 € INPUTS:

159 IDEVHO=DEVICE MNUIMBEE FOE OUTEUT

200

201 C WRITE HEADLING

202 WRITE (IDEVNG, 10, IOSTAT=TOVAL , ERR=000}

203 010 FORMAT{1X, 24X, 'DEVICE BEEMOVAL EFFICIENCY AT END OF TIME INCREMENT
204 + [(DEC) ")

205 WRITE(IDEVNG, 20, IOSTAT=I0OERR, ERR=5%00}

206 020 FORMAT(LX, " NO.',14X, 'NAME' , 15X, *#2" 4%, "4#3*,

207 +4 X, "H4 4K, #5 4X, He 4K, FT L AK, C#B Y AX, vH#9  3X, #1000,
208 +3¥E,"#L11 3K, #1220, 3K, #1303, #1400 3K, " #15)

2(19

210 GO TO 299

211 S0 WRITE(*,*}'I3Q EEROR IM HDGV= ', IOVAL

212 G039 RETUIEN

213 ENL

NUMBER. OF WARNINGS IN PROGRAM UNIT: 0
NUMEER OF ERRORS  IN PROGRAM UNIT: O

214

215 C AR A ERERERERRE SRR R E X2 R LR R B R R R E-E R B R E R KR R IR I R R A
216 * SUBRLCUTINE HDGH *
217 & * PROGFRAM TC PRINT HEADING-RATE OF CONT REMOVAL-EACH DEV (MG} *
218 C * FRIMNTZ SHEET 1-MNO,NAME, CABIN,LEAK,&DEV3..DEVE *
219 .[: LA R A R EEERRR AR R AR AR A A AR A AR R A AR R A A SR AR ER RSN EEE R EE NN U R R T
2210

221 C NOTE:FILE MUOST BE OPEN EEFORE STARTING THIS SUBROQUTINE

2272

223 SUIBROUTINE HDES { IDEVIO)

224

225 C INFUOTS :

226 C IDEVHO=DEVICE NUMBEE FOR OUTEUT

227

228 C WEITE HEADING

229 WEITE [IDEVING, 10, ICSTAT=I0VAL , ERR=%{0}

230 {10 FORMAT(1X,24X,'RATE OF CONTAMIMNANT REMOVAL-EACH DEVICE {MZ/HR]
231 + SHEET 1')

232 WRITE {IDEVNG, 20, I08TAT=I0VAL, ERR=90{)

233 D20 FORMAT(1X, ' NG, ', 14X, "HAME ' [ 16X, "CABIN, 9X, "LEAK' ,8X, 'DEV3 "',
234 +8X, 'DEV4 ' 8X, 'DEVS',BX, 'DEVE' ,BX,"DEVT' ,8X, 'DEVE")

235

236 GO TO 3499

238 9949 RETIJEN
23% END

NUMBER OF WARNIMGS IN PROGRAM UNIT: 0
NUMEER OF ERRCOES IN PROGRAM UNIT: 0
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240
241
242
243
244
445
246
247
248
4459
250
251
252
253
254
205
256
257
258
258
260
261
262
263
264
265
266

2 Mo

10y

=

NUMELER
NUMEBER
MNUMEER
NUMBER

108

OF WARNINGS IN PROGRAM UNIT:
OF ERRQES 1IN PROGRAM TINIT:
OF WAENINGS IN COMPILATION :
OF ERRORS 1IN COCMPILATION

LA A EE R ERE R A EREEE R R R R R R I e i g g R O A NP R U R SR D AR

¥ SUBRCUTINE HDGH *
* PROGRAM TC PRINT HEADING-RATE OF CONT REMOVAL-EACH DEV (MG/HE}*
* PRINTS SHEET Z-NO,HNAME, & DEV9Y, .DEV1S *

Ll R R R R R R R R R R e e kL R R L Rk T vy

NOTE:FILE MUST EE OFEN BEFORE STARTING THIS SUBROUTINE

SUBROUTINE HDGS { IDEVND)

INETITS

IDEVHNO=DEVICE NUMEEER FOR OUTPUT

WEITE HEADING
WRITE{IDEVN(, 10, IOSTAT=ICVAL, ERR=500)

010 FORMAT(1X,24X, 'RATE OF CONTAMIMAMNT REMOVAL-EACH DEVICE {MG/HER)

+ SHEET 2']
WRITE{IDEVND, 20, IOSTAT=IOERR, ERE=500)

020 FORMAT(1X,' NO.',14X,'NAME',16%,' DEVS',BX,'DEV10',7X, 'DEV11',

+7%, 'DEV12' ,7X, 'DEV13' , 7%, 'DEV14', 7X, 'DEV1S '

GO TO 9549

200 WEITE{*,*)'IJ ERRCR IN HDG3= ', IOVAL
9% RETIURN

END




FM/FURTRAN Compiller (V2,42)

Source File: C:\EMFORT\TCCA\LBIGEN. Optioms: /¢ 80 /L /BY 05721792 12:56:50
1 AR AR RARRREER SR RS EEEES SRR R EEREEREFEREREYEEEREERE RS E LR R L R R R R
2 C * SUBROUTINE LDOIGEN *
3 C * SUERCUTINE TO LOAD INTEEMAL GEMNERATION FROM MAT DI OOL 1 & 0+
4 C * COL 194=-22 INTO MAT DD COL 19 *
EC R RS EERERERERELEERELLEELES SRR EEE Ry s R R R
& SUEROUTINE LDIGEN (I, DD, NROW, NCOL, CDI , NREOWZ , NCOLZ2 , LINZ)
¥ INTEGER NEOW, NCOL, NROWZ,NCCL2 , LIN2
B REAL DD{MEOW,XNCOL}

G REAL CDI {NROWZ , NCOLZ)
T
11 © INPUTS:
14 C I=CONTAMINANT MNUMEER
13 C LD, NROW, NCOL=NAME AND DIMENSICNS OF MAT DD
14 ¢ CDI,NEOWZ , NCOLE=NAME AND DIMENSIOHNS OF MAT COLT
15 ¢ LINZ =NUMEER OF DEVICES IN MAT DD
le T OQUTPUT
17 ¢ LOADS TNTEENAL GEMERATION FROM MAT OO INTO MAT DD OOGL 19
18 ¢
19 Do(l,1%}=C0T(1,1)
20 DDi2,1%)=0
21 0o 14 J=3,LIN2
22 DT, 13)=CDI{I,J+7)
23 010 CONTIMNUE
24 FETUEM
25 LE R B R LR R § ] ENTD OF CSUOBRECOIITINE LOIGEN LR LR AR E L ER EEXEREELEREEE LN,
26 EMD

NUMBER OF WARNINGS IN PROGEAM UNIT: 0O
NUMBEE OF ERRORS IN FPROGRAM [INIT: O
NUMBER OF WARMNINGS IN COMPBILATION : O
NUMEER OF ERERORS N COMPILATION : O
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EM/FORTRAY Compiler (V2 .42)

Source File: C:\RMFORT\TCC\LODEFF. Opticns: /C 80 /L /BY Q5721792 12:57:05
1 tE R R RS EAE R R AR ES SRR L L EREREEEEREEEREE R B R e e e R X L I AEaes
20 * SUERCUTINE LODEFF w
J C * SUBROUTINE TC LOAD LAST INCE EFF FREOM MAT O INTO MAT DD COL 20
4 C bl USES ADJUSTAEBLE SIZE ARBAYS *
5 C R E AR R L EEEREELEFREERFFEEREEEEELTEEREEEE I e EE R R R L N L e aeiprpr
G SUBROUTINE LODEFF{I,DD, NROW,NCOL, CC, NROWL , NCOL1, LINZ?

7 INTEGER NROW, NCOL,NROWE ,NCCL1
8 REAL DD [(NROW, NCOL}
. REAL OC (NROW1,NCOL1}
10
11 ¢ THNFUTS ;
12 ¢ I=CONTAMINANT LINE MNUMEER IN MAT £C
13 C DD, NEOW, NCOL=MNAME & DIMENSIONS QF MAT DD
14 ¢ CUCHNROW]  MNCOL] =NAME & DIMEMSIONS OF MAT CC
15 ¢ LINZ2=NO, OF DEVICES IN MAT DD
16
17 DLl 20) =0
18 E=7
19 Do 100 J=2, LINZ
20 Oh (T, 20)=CC (I, K)
21 E=¥+3
22 100 CONTINUOE
23 RETTIEN
24 C FRAF kA FFE R LS FEND OF SUBROUTINE LODEFF  *tftddkukdrarhhwwveshhhhk
25 EIIx

MNMUMBER OF WARNIMNGS IMN PROGRAM UNIT: 0O

NUMBER OF EBRORS IN PROGEAM UNIT: [

NUMBER OF WARNINGS IN COMPILATION : O

NUMBEERE OQF ERRORS IN COMPILATION : 0
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FM/FORTRAN Compiller (WV2.42)

Source File: C:A\BMFORT\WTCCWMASBAL. Opticns: fC 80 /L /BY Q5721762 12:57:51
1 - e R R R E R R Rl R R T A AT g g
2 C * MASS BALANCE SUBRCUTINE-MASBAL *
3 C * FOR 1 CONT AT & TIME AT A GIVEN DEVICE EFFICIENCY CALCULATES *
4 C * CAY,CFINAL,CEQ, M. EEMOVED {ALL DEV+CABIN!-DATA PUT IN MAT DD *
5 -|: LA E RS R AR EREEEEEEEEEEEA AR R R AR R AR SR SRR AR A RS RS ESEE SR ENENEE TSR EREEY
£ O NOTE;: BEFORE RUNMNING THIS SUBRCUTINE MUST ZERC MAT DD QOL 17-21
T C (INE BY PRAFIL} & LOAD EEM EFF FOR EACH DEVICE INTO
8 C MAT DD COL 20 (DONE EY LODEFF OR CHRSUB}

4
10 SUBRCUTINE MASBALII, TH,TN1, DD, NROW, NCOL, CC ,NROWL , NCOL1,
11 +CAVCLC , CDI, NROW2 ,HCOLZ , CFINAL, CEQLIE, LIN, LINZ}
12 INTEGEE. NROW,NCOL, NEOWL, NCOLL , NROWZ , NOOL2
13 EEAL DI (NEOW, NCOL}
14 REAL, CC (NEOW1 , NCOL1}
15 REAL CDI (NROWZ ,NCOL2)
16
17 SUERCUTINES REQUIRED:
15 CALCM-CAT.CULATE CIN,COUT,M,REM, SUM MASE REM-IN MAT DI
19 LDIGENM-LOAD INTERMNAL M.GEN FOR DEVICE + CABIMN FROM CDI INTO DD COL 19

PCAVCF-USING CEQ & CINIT, CALC CFIMNAL & CAVERAGE

INFUTS:
FROM PCSET, PREDCT, AND CONVES
T=CONTAMINANT NO.,
TH=INCREMENT EMD TIME{HES); TWNI=INCE BEZINMING TIME HRS
LD, NEOW, NCOL=NAME AND SIZE OF MAT LT
CCL,WNROWL, NCOLL =MNAME AND SIZE OF MAT O
CDI,NEOW2 ,NCOLZ2=NAME 2ND SIZE OF MAT CDI
LIN=NCG. OF CONT IM MAT CDI
LINZ=NZ, OF DEVICES IN MAT DD
FROM CALCM
EMEEM=5UM OF MASS REM FOR ALL DEVICES !MG/HR)-TOTAL OF DO COL 21
SMGEN=S0M OF MASS GEM IN ALL DEVICES INCL CABIN(MG/HER)-DDx 0L 19
FROM LDIGEN
IT LOADS CABIN M.GEN {MG/HR) FROM MAT CDI INTO DD{1,19)
IT LOADS M.{3EN DEVICES FROM MAT CDI <0OL 2-15.19 INTOD DD COL 19
FROM PCAVCF
CAVCLC=CATLC INCE CARIN CONT CONC (MG/CU M)
CFINAL=FINAL INCR CABIN CONT CONC (MG/CUT M)
OUTPUTS +
T PCSET, PREDCT, AND CONVES
CAVCLC=CALCULATED CABIN AVERAGE CONC(MG/CU M)
CEQLIB=CABIN EQUILIBRIUM CONCENTRATION (MG/CU M)
CFINAL=INCREMENT FINAL CABIN CONCENTRATION (MS/CU M)
FUTS M,REM FOR CABIN + DEVICES IN MAT DD 0L 21
T CALCM
CAV=CABIN CONT CONC (ME/CU M}

Bt b b2 Bad b
W Ll B =

W W P L A b e A L L L L L B BB B B
B D LD 00 ] AN s L B2 S W 0 S0 LN
oo a0 on Do oo

e e b e
-~ oy L L2
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47
459
50
51
53
53
54
55
1
57
58
S0
50
&1
B2
53

£5
12
b7
68
A9
10
7l
72
13
74
=
&
L
78
75
20
g1
82
g3
84
8%
BG
57
88
g9

o1
32
83
94
95
46
57

112

Moo oo

> h oy 0O;mn ;N N Moo nom

M

C

TDi1,19}=50 (CARIN M.GEMN}
OTUER DEVICES DDH2-15,15%) MUST =0 AT THIS POINT (SEE PRAFIL]
T LDIGENM
I =CCNTAMINANT NIMBER
CD, NROW, NCOL=NAME AND DIMENZICNS OF MAT DD
CDI ,HROWZ , NCOLZ =NAME AND DIMENSIONS OF MAT CDI
LINZ2=NUMBER OF DEVICES IN MAT DD
TQ PCAVCE
T, THM1
CTNIT=INITIAL INCE CABIMN CONT CONC (MG/CU M) =CCO(I, 1)
CEQLIB=CABIN ECQULIB CONC (MG/CO M)
SOEFFN=5IM OF Q*REM EFF NET FOR ALL DEVICES (CU M/HR)
CWVOL=CABIN VOL (CU M}=DD(1,%)
SMINTC=5ITM OF MASS NET TO CABIN{MG/HR)

CABIN VOL (OO M)
CVOL=D0(1, 9)

CINITIAL {MG/CU M)
CIMIT=CC{T,1:

EVALUATE SUM O*REM EFF NET USING M.GEN IM DEVICES=(0 {DD COL 19
SET ¢ABIN AVERACE CTONCENTRATION = TO ARBITRARY VALUE OF 100
AND INTEENZL GENERATION IN DEVICES =0 (NOT YET LOADED]

SET CAETN M.GEN=ARBITRARY VALUE OF 50 (DD{(1.19)]}
CMOEMN=50UM M.GEN IN ALL DEVICES +CABIN {MG/HE)
SMREM=SITM M. REMOVED BY AlLL DEVICES {MG/HR)
CAV=CABIN AVERAGE CONCENTRATION {MG/CU M)
Cay=100

DD{L,191 =50

CALL CALCM (DD, NROW, HOOL , CAV, SMGEM, SMREM, TH, LTN2 |
SQEFFN=S5UM OF Q*EEMOVAL EFF NET (MG /HR]
SQEFFN=5MREM/CAV

[OAD INTEEMAL CENERATION FOR ALL DEV+CABIN FROM CDI INTC DD COL 15
CALL LDIGEN(I,DD,NRCW,NCOL, DRI, NROWZ ,NCOLZ , LINZ}

EVALUATE SUM OF M.NET TO CABIN=M,GEN CABIN+5UM M.GEN ALL DEVICES -
oM M.REM ALL DEVICES
SMMTC=CSUM M.NET TO CABIN=AMT GEN WHICH GETS TO THE CAEIN DIRECTLY
SET € CABIN AV=0
CAV=0
GET SUM MASS OFN CAEIN+ INTERNAL DEVICES AND SUM MASSE REMOVED ALL
DEVICES FROM SUEBROUTINE-SINCE CABIN C=0 NOQ CABIN CONT WILL BE REM
CALL, CALCMIDD, NROW, NCOL , CAV, SMGEM, SMREM, TN, LINZ}
SMNTC =SMGEN- SMEEM
MOTE : SMNTC IS ALSO PUT IN ©R(l1,21) BY CALLM

SET CALCULATED CABIN EQUILIBRIUM CORICENTRATION [CAVCLCE [MG/CU M)




S8

59
140
101
102
103
104
105
1046
107
1448
109
110
111
112
113
114
115
16
117
118
112
124
121
122

NUMBEE OF WARNINGS IN PROGRAM UNIT:
MUMEEE OF ERRORS IN PROGEAM UNET:
MUMBER OF WARNINGS IN COMPILATION
NIUMEEE OF ERRORS IN COMPILATICON

¢

C
C

C

C
C

IF{SQEFFN.LT.1E-10) THEN
IF (CVOL.EQ.0) THEN
CFINAL=1E1Q
ELSE
CFINAL=CINIT+ {TH-TN1) *SMEEN/CVCL
ENDIF
CAVOLC=(CINIT+CFINAL) /2
CEQJLIE=1E1Q
ELSE
CEQLIB=SMNTLC /SQEFFN
CALCULATE CAVCLE AND CFIMAL FROM SUEROUTINE
CALL PCAVCEF (TH, TN1,CEQLIE, SQEFFN, OVOL, SMNTC, CINIT,
+ CAVCLC,CFINAL)
ENDIF
USING CAV CALC EVALUATE M.EREM FOR CAEIN + DEVIUES AND PUOT
M MAT 0D COL 21
CAV=CAVCLC
CALL CALCM(DD,NROW, NCOL, CAV, SMGEN, SMREM, TN, LINZ

RETUJRMN

ENL OF SUBRCUTINE MASBAT

Axhkdthwnkntnt FEND OF SUBROUTINE MACEAL **rkmxsxxrwwmdrikmhmkrhksk
END

aite 0 e I ol T il |

+4 n+
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FEM/FORTRAN Compller {VZ.4Z})

Source File: C:A\RMFORT,TCOAMCALC.F Oprions: /C 80 /L /BY 05/21/92 12:57:59
1 ,I: PN TR R R R R R R R R R R R REEEEEE R R R R R
2 C * SUEROUTINE MCALC *
3 C x MATIN CALCULATICH LOCP SUBROUTINE FOR 1 TIME INCREMENT x
d C * FOR ALL CONTAMINANTS OWE AT A TIME *
5 C * BASED ON SUM MASS REM LAST IMCR, FOR EACH CONT *
6 * CALCULATE NEW REMCVAL EFF, CAV CALC CABIN, *
TG * CEOUILIB, CFINAL, & M.REMOVED ALYL DEVICES-PUT IM MAT CC *
E [: T A A A A T A A ddfa o grorordr oo ooroor g oo g oo ook oo e e e el o sk e v B oo i o v i o W iy i
g SUBROUTINE MCALC (I, TN, TN1,DD,NROW, NCOL,

10 +0C , NROWL , NCOLL, CDI, NROWZ , NCOL2 , NN, LIN, LINZ,
11 +PRTSWZ , PETSW3 , FRTSWY , TMSGDN)
12 INTEGER NROW, NCOL,NROWL, NCOLL, NROWZ ,NCOLZ , PRTSWZ , PETSWS , PRTSWL , KE
13 CHABACTER MM (NROWL) *30
14 REAL DDINROW, NOOL)
15 REAL CC {NEROWL,NCOLL)
16 REAL CDI(NRCWZ2,NCOLZ]
17 C SUERCUTINES REQUIRED:
18 PREDCT=PREDICT CAV BASED ON M.GEN OF THIS INCE & REM EFF OF LST INC
1% © CONVRG=CALC CAV CALC,CEQ,CFIMAL,M,REM,REM EFF
20 C CROUT=PRINT TEST WALUES OF MAT OO
21 © RROUT=PRINT TEST VALUES OF MAT DD
22 ¢
23 C IMNPUTS:
24 © TFROM MATN PROG
25 C T=CCONTAMIMANT HO.
26 ¢ TH, TNl =IWCREMENT END & BEGIMNING TIME {HRS!
27 O 0D, NROW, HOOL=NaME & DIM OF MAT LD
28 ¢ CC, NEOWL , NCOL1=NAME & DIM OF MAT oo
2% CHI, NEOWZ ,NOOL2Z=HNAME & DIM OF MAT CLI
0 C MM=NAME OF MAT NN
3L ¢ LIN=NUMBER OF CCITAMINANTS IN MAT NN & CDI
12 ¢ LINZ=NO. DEVICES IN MAT LD
33 © FROM PREDOT
14 CAVPRD=PRED CABIN CONT CONC (MG/CU M)
15 ¢ FROM CONVRG
16 CAVCLC=CALC CABIN CCONT CONC (MG/CU M)
37 CFINAL=FINAL INCE CABIN CONT CONC(MG/CUM)
i8¢ KE=CCUNTER FOR CONVERGENCE
i5 ¢ CEQLIB=EGQUILIBREIUM CABIN CONT CONC {MG/CO M)
40 IMSGON=DEVICE NO FOR MESSAGE AND TEXT PRINTOUT CUTPUT
41 ¢ GQUTPUTS:
42 T TO PRELDCT
43 T=CONTAMINANT HNO.
44 TN, TN1 =INCREMENT END & BEGINNING TIME (HRS!
45 ¢ L, MROW, NCOL=NAME & DIM OF MAT DD
46 OO, NEOWL , NCOL1=NAME & DIM OF MAT OO
c

47
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CDT ,NROWZ , NCOL2=NAME & DIM OF MAT CDI



43
44
50
51
5a
53
54
55
56
57
S8
=
£0
61
62
53
64
a5
513
&7
68
&4
70
71
72
73
74
75
6
77
78
79
80
Hl
22
g3
54
85
86
a7
88
89
S0
91
G2
G3
o4
G5
96
47

M SGoaOOaooAoNaanCacson

30 301

e {1 303

(T T 5 R

LIN=NC, OF CONTAMIMANTS IN MAT (DI
LINZ=NO. DEVICES IN MAT DD
T CONMNVRG
I=CONTAMINANT MO,
TN, TN1 =TNCREMENT EMD* & BEGINNING TIME (HES)
D, NEOW , NCOL=NAME & DIM COF MAT DD
CCONROWL , MCOLL=NAME & DIM OF MAT CC
CLI, NROWE  NCOLZ=NAME & DIM OF MAT (DI
LIN=NO. OF COMNTAMINANTS TN MAT CDI
LINZ=NO. DEVICEZ IN MAT DD
CAVPRD=PREDICTED CABIN CONC FOR INCREMENT (MG/CU M)
TO MAT OO
FUTS CAVCLL, CEQLIV, &CFINAL IN CC{I,Z-3 &4}
PUTS REEM EFF FROM DD COL20 IN CC{I,7T-10-13 ETC}
PFUTS M.REM FOR EACH DEV FROM DD COLZ21 IWN CCO(I,&6-%-12 ETC)
FUTS SOM MASS REM FOR EACH DEV I CC(I,8-11-14 ETC)

EEGIN LOOF FOR EACH CONTAMINAMT FOR EACH TIME INCREMENT
iy 100 I=1,LIN
CALL CAYV PRED CABIN FCOR CONT BAZED ON REM EFF COF LAST INCEEMENT
AND GEMERATICN RATES QOF THIS INCREMENT
CALI, FREDCT (I, T, TNL,CAVPRD, DD, NROW, NCOL,
+CC, HROW1, NCOLL, CDI, NROWZ2 , NCCL2 , CAVCLS , CRINAL, CEQLIE, LIN, LINZ , KN}

CCWVERGE UNTIL CCALL=CPRED

CALL COMVEG (I, TN, TN1, CAVPRD, DDy, NEOW, NCOL,

+CC, MROW]1 , NCOLL, C0I, NROWE , NCOL2 , CAVCLS, CFINAL, CEQLIB, KK, LI,
+LINZ NN, PRTSWI , IMSGDHN)

IF E¥»20 THEN BEGIN 1/20 TIME INCREMENT CONVERGENCE ROUTINE
IF (EK.GT.20) THEN

K¥=1

BEGIN 1/10 INCEEMENT CONVERGENCE ROUTINE

NEW INCREMENT INITIAL TIME {HRS)

TH1NEW=TM1

NEW TIME INCREMENT (HRS)

BINEW={TH-THLl} /20

BEGIN LOGP FOR 1/20 INCEREMENT SIZE TIME IMCREMENT

MEW INCREMENT FIMNAL, TIME (HRS)

200 THNEW=TN1NEW+EINEW

ZERC MAT DD COL 17-21
CALT, PRAFIL (DD,NROW, NCOL, 17,21
LaAD EFFTCIENCY FROM LAST IMNCREMEMNT INTO MAT DD COL 24
CALL LODEFF{I,DD,NRCW,NCOL,CC,NEGW1, NCOL1, LINZ )}
CALC CAV PRED CABIN FOR CONT BASED (M REM EFF OF LAST INCREMENT
AND GENERATION FRATES OF THISZ INCREMENT
CALL FREDCT{I,THNNEW, TN1NEW, CAVPRD, DD, WRCA , NCOL,
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45

45
100
101
102
103
104
105
106
107
108
100
110
111
112
113
114
115
1186
117
118
11%
1z0
121
122
123
124
125
126
127
128
129
136
131
132
133
134
135
136
137
138
134
140
141
ldz
143
144
145
146
147

116

G50

102

103

134

CC,NROW1 , NCOL1, CDI  NROW2 , NCOL2 , CAVCLY, CFINAL,, CEQLIB,LIN,
LINZ, NN

CONVERGE UNTIL CCALC=CFRED

CALL CONVRG(I,TNMNEW, TN1NEW,CAVEPRD, DD, NROW, NCOL,
CC,NROW1,NCOLL, CDI, WROW2 , NCOL2 , CAVCLC , CFINAL, CEQLIB, KK, LIN,
LINZ,NN, PRTSW3 , ITMSGDH}

IF EE=2{ THEN PRINT CONVERGEMCE WARNING
IF (EK.GT.20) THEM
OFEN {(IMSGDNM, FILE='CON', TIOSTAT=ICOVAL}
WRITE {IMSGDN, *) 'WARNING: CALCULATICN DID NOT CONVERGE FOR'

WRITE{IMSGDM, *) FULL AND 1/20 INCREMEWNT RCOUTIMES®
WRITE {IMSGDN, 50 I,NM(I), TNINEW, THNEW
FOFMAT (1X, ‘CONT MO.= ',I4,2K,A,/,lX,
‘FOR IMCREMENT INIT & FINAL TIMES= ',F8.2,F8.2)
CLOSE (IMSGDN)
ENDIF

FILL MAT CC WITH RESULTS
POT CAVCLC,CEQLIE, AND CFINAL IN CC
CC(I,2)=CAVCLC
O (I, 3V =CEQLIE
CC{I,4)=CFINAL
PUT %EM EFF FROM LAST ITER DD COL 20 IM CC{I,7-10-13ETC)
¥=
DO 102 J=2,LINZ
CC{I,E)=DD{J,20)
E=F+3
CONTIMUE

TAKE CABIN M.REM{MG/HR} FROM DD(l,2l} & PUT IN MAT CCI(I,5)
CC{I,51=DD{i,21}
TEKESH_REH FROM DD COL 21 & FUT IN CCtI,E8-11-14ET)
E=
DO 103 J=2,LINZ
CC(I,Ki=DDI[J,21)
E=EK+3
COWNTINGIE

CALUTULATE SUM OF MASS REMOVED IN DEVICES + CABIN TO LATE AND
FUT IN CC{I,6=-8-12ETC)
F=5
L 104 J=1,LINZ
COIL,E+1}=CC{ T, E+1) +CC (LK) * (THNNEW-TN1NEW}
E=K+3
CONTINUE

IF PRTSW2=1 THEN PRINT MAT CC INFO FOR THIS CONTAMINANT
IF (PRTSWZ.EQ.1) 'THEM




148
145
150
151
152
153
154
155
156
157
158
155
160
16l
162
163
1£4
165
166
167
168
16%
174
171
173
173
174
175
176
177
1748
1%7%
180
181

]

ESNSEY

182

183
184
185
186
187
188
185
150
191
152
143
134
145
196
1927

OPEN (IMSGIN,FILE='CCOH', ICSTAT=I0OVAL)
WEITE (IMSGDN, *) *NINC, TN, TN1 ', NINC, T, TNl
WERITE { IMSGEM, *; ' PRINTOUT FOR ONE CONT INZIDE 1/20 INCR

+ LOOP OF MCALC!

WEITE {IMSGDM, *) 'INFO FROM MAT OO
CLOSE { TMSGTHN)
CALL CROUT (NN, CC,NROW1,NCOL1,1,.NCOL1, LIN, I, I, IMSGON)
ENDIF

FEFEAT LOOP FOR 1/20 INCREMENT IF END CF 1/20 INCREMENT TIME
(TNINEW] IS « THAN END OF LARGER TIME INCR (TN}

ELSE IF TNMWEW==TM, END 1,20 ENCE CONV & PRINT ANSWERS+REEFPEAT
FOR ANOTHER CONTAMINAMT

IF (THNEW.LT,TH} THEN
RESET FOR ANOTHER 1/20 TIME INCREMENT
TN1NEW=THNEW
CC(I,1Y=CC(T,4)
GO TO 200
ELSE
END 1/10 INCR CONV RECUTINE-REFEAT FOR ANOTHER CONT
GOTO 104
ENDIF

END QF CONVERGENCE ROUTINE
ENDIF

CALZ S5UM MAZZ REMOVED & FILL MAT €O WITH RESULTS
PUT CAVCLC, CEQLIE, AND CEFIMAT IN OO
01,2 =CAVCLS
CC{I,3}=CEQLIE
CC{I,4)=CFINAL
FUT REM EFF FROM LAZT ITEE DD CCL 20 IN CCI(I,7-10-13ET)
K=1
o 302 J=%,LINZ

CC{I,K)=DD{J,20)
K:K+3

CONTINUE

TAKE CABIN M.REM({MG/HR) FROM DR{1,21) & PUT IN MAT CC{I,5]
COIT,.5)=DD{1,21}
TAKE M.REM FROM CD COL 21 & PUT IN CCI{I,8-11-14ETC)
¥=8
DO 303 J=2 LINZ

CC(I,Ky=DD{T,21)
K=K+3

CONTINUE
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1%8 C CALCULATE SUM OF MASE REMOVED I DEVICES + CAEIN TO DATE AND PUT

144 C IN CC{I,6-9-12ETC)

200 K=5

201 Do 304 J=1,LI12

202 CC{I, K41} =00 (T, K+1)4CC{I,K)*{TN-TN1]

203 F=FK+3

204 304 CONTIMNUE

205 C

206

207 C IF PRTSW4=1 THEN PEINT MAT DD+MAT CC INFO FOR THIS CONTAMINANT
208 IF (PRTSW4,.EQ.1} THEN

204 OPEN {(IMSGDN, FILE='CON', IOSTAT=ICVAL:

210 WRITE{IMSGDN, *) ' PRINTOUT FOR ONE CONT AT END OF MCALC'
211 WRITE {IMSGDN, *) ' ITNFO FROM MAT OO

212 CLOSE ( TMSGDN |

213 CALL CROUT (MM, CC,NROWL,NCOLLl, 1 ,NCOL1,LIN, I, I, IMSGDN]

214 OFEN (IMSGDN, FILE="CON' , IOSTAT=I0VAL}

215 WRITE ( IMSGDN, *) ' INFO FROM MAT DD

216 CLOSE (IMSGDN}

217 CALL RROUT (DD, HNROW,NCOL, 1,NCOL, LTNZ , IMSGEN]

218 EMDIF

219 ¢

220 C ENL OF I LOOP FOE EACH CONTAMIMNANT

221 C

222 100 CONTINUE

243 RETTIRM

a4 C k& dk &k MO OF SUBEOUTINE MOAIDT #EXAXA TR XATXAT R RN NV A Ak b h kb bk AL Adx

225 EMNL}

NUMEEE OF WARNIMGS IN PROGRAM UNIT: Q
NUMEER OF ERRCES IN PROGEAM UNIT: D
NUMEEF. OF WARNINGS IN COMPILATION ; O
NUMEER {OF ERRCES IN COMPILATION : O
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FM/FORTRAN Compiler {V2.42)

source File: C:A\RMFORT\TCCOAWPCAVCF. Optioms: /¢ 80 /L /BY 05/21/92 12:57:51
'_'|_ |: ‘!’**!‘***i’*i’******!‘!':'r:'r'l"ﬁ'*i’*it**ii**#ttii********t#***********t!’*****
2 C * SUBROUTINE PCOAVCFE *
1 * SUBRQUTIME TO PREDICT INCREMENT CALCULATED AVERAGE EFF *
4 * (C AV CALC), FINAL EFF (CFINAL) & CABIN CONTAMINANT *
5 * COMCENTRATION *
E..' E **’h—*t*-‘r:ﬂ:t:ﬂ‘tt******tttt******t*t:tt**‘k**ir-kt'.tti***ti***ttit****tt*tw*
bt
8 SUBRUUTINE PCAVCF (TN, TN1, SCEQLIB, SQEFFN, CVOL, SMNTC, CINIT,

4 + CAVCLC, SCFINAL)Y
10 DOUELE PRECISION EXPON, CEQLIE, CFINAL

&#h#hﬁuhmhhuhLuhiWEﬁbJWLHUHHLMhJMbﬂh]MEthHbﬂhJHr4F4H+dPJFJEFJ
SR AU L b = O LD O ] R e L B e 0 0 80 ] R LA s G B L e T oy U] e e B

OOanNonNnoonon;

CEQLIB=DELE (SCEQLIE}
SUBRQUTINES REQUIRED: NCONE

THNPEUTS ;

TN, TH1=INITIAL & FINAL INCREMENT TIME [HRZ)
SCEQLIE (CEQLIE) =EQUILIBRIUM CABIN CONC (MC/CUM)
SQEFFN=5UM Q*REMOWVAL EFF NET [(M:=/HR]

CVOL=CABIN VOLUME {CU M)

SMITTC=50M MASS CONT NET TO CABIN (MO/HR}
CINIT=INITIAL INCREMENT CONT CCNC (MG/CH M}
QUTPUITS :

SCAVCLC (CAVCLC) =CALC AVERAGE CABIN CORNC {MG/CT M)
SCFINAL (CFIMAL)} =FTNAL INCREMENT COMNC (MS/CT M)

IF{CVOL,LE.3) THEN
CAVCLC=CEQLIER
CFINAL=CEOLIB
GOTO 99
ENDIF
CALLULATION FOE CFINAL
EXFPCH= [TH-TN1} *SOEFFN/ VoL
IF (ABZ (EXPON) .GT.50) THEN
CAVCLC=CEQLIE
CFINAL=CEQLIB
COTO 99
EMNDIF
IF(ABS{EXPON} . LT.1E-5&} THEN
CFINAL=CINIT+SMNTC* (THN=-TN1 ) /OVOL
CAVCLC= (CINIT+CFINALY /2
CEQLIB=1ELl{
GOTO 49
ELSE
CEFINAL=CINIT+ (SMNTC/SQEFFN-CINIT) * [1-EXP ( -EXPON) )
ENDIF
CALCULATION FOR © AVERAGSE CALC
IF ({CINIT.EQ.CFINAL).OR. {(CFINAL.EQ.CEQLIB) | THEN
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43 CAVCLC=CFINAL

a9 GOTC 99

S0 ENDIF

51 IF ((CEQLIB-CINIT}/{CEQLIB-CFINAL}.LT.1E-6) THEM
52 CAVCLO= (CINIT+CFINAL) /2

53 ELSE

54 CAVCLO =CEQLIB- (CFINAL-CINIT} /LOG{ {CEQLIE~CINIT) /
55 + (CEQLIB -CFIMNAL]}

56 ENDIF

o7 9% CONTINUE

58 SCFINAT=REAL {CFINAL)

549 RETVRN

a0 Fkkkkr¥E R F TN OF SUBRCOUTINE PCAVCOE  ®¥ kN d ik krbkw kb vk ko kdhhd ke kk
bl END

B2 C

NUMBER OF WARNIMNGS IN PROGRAM UNIT:
FUMBEE OF ERRORS IN PEOGRAM UMIT:
NUMBER OF WARNINGS IN COMPILATICHN
NUMBEE OF ERRORS IN COMPILATION

[ ol 3 ol Y ol |

nd ++
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EM/FORTRAN Compiler (v2,42)

Sourge File: C:\RMFORT\TCCAWPCESET.F Opticoms: /0 80 /L /BY 054721792 12+58:31
1 C e i R R R R R R R R R R I g 3 Tt T TR A T WU U U A g B SR ST N S
Z C * SUBROUTINE FCSET *
3C * SUBROUTINE FOR PRECALCULATICH SETUP ROUTINE *
4 * FOR ALL CONTAMINAMNTS OME AT A TIME #
5 ¢ * CALL EFF SUBROUTINES FOR DEVICES; GET CAYV CARIN FRET, *
B * CEQUILIEB, CFIMAL, & M,REMOVED ALL DEVICES-PUT IN MLT CC >
"I,P C AR S AR E R R ERERE R B P T P S A I I A N I S T R R
g8 SUBROUTINE PCSET(TN1,LIN, LD, NROW, NCOL , CC, NROW1 , NCOL1 ,

o +CDI, NROW2 , NCOL2 , LIN2 , NN, PRTSWL , IMSGDM]
1% INTEGER NEOW, NCOL , NEOW1 , NCOL1 , NROW2 , NOOL2 , PRTSW]
11 CHARACTER MM INEOW1) *30
12 REAL DD(NEOW, NCOL)
13 REAT, CC{NROW1,NCOLL)
14 REEAL CDT (NEOWZ  NCOLZ )
15
lé € SUBROUTINES REQUIRED:
17 C PEAFIL-Z2ERD MAT DD OOL 17-21
18 C CHNRSUB-UEING CAV=1E-20, FIND REMOVAL EFF AND PUT IN MAT DD COL 20
1% ¢ MASBAL-CALC CAV CALC PRED, CEQ, CFINMAL, M.REM
20 ¢ CROUT=-TEZT FPRINTOUT OF CONT INFO
21 C
22 C INPIITES;
23 ¢ FROM MATN CALC LOOP
24 ¢ TH1=INCEEMENT INITIZL. TIME {HERS)
25 C LIN=NO. OF CCHNT IN MAT CC AMD NN
26 C DD, NROW, HCOL=MAME & SIZE OF MAT DD
27 C 0, NEOWL , HOOL1=NAME & SIZE OQOF MAT OO
28 C CDI, NROWZ , NCOLZ=NAME & SIZE OF MAT DI
249 ¢ LIMNZ=NO. DEVICES IN MAT DD
0 ¢ NMN=rAME OF MAT INIM
31 C PRTSW1=PRINTSWITCH WHIOH COONTROLS TEST PFRINTOUT
32 C IMSGIMN=DEVICE MNUMBER FCR MESSAIZES AND TEST PRINTOUT
i3 ¢ FROM PRAFIL
34 PUTS ZEROS IM MAT DD COQL 17-21
35 T FROM CHMERSUB
36 C CHWESUE PUTS REM EFF(DEC) FOR EACH DEVICE IN MAT DD OOL 20
37 C FROM MASBAL (PREDICTED VALUES)
38 C CAVOLO=AVERAGE CABIN CONC  (MG/CI M!
39 C CFINAL=FINAL INCREMENT COCINT CONC (ME/CD M)
40 ¢ CEQLIB=EQUILIBRITM CONT CONC (MG/0U M
d]l M.REM FOR ALL DEVICES PFLACED IN COL 21 OF MAT DD
42 ¢ OUTEJTS
43 ¢ TO MAIM PROGRAM
44 BUT IMN MAT CC
45 ¢ CAVPRD=FPRELD CABIN AV CONC {MG/CTI M}: =CC(I,2)
46 C CEQLIB=EQUILIBRIUM CABIN CONT CONC (MG,/CU M) :=CC(I,3)
C

wfn
]

CFINAL=FINAL CABIN CONT CONC (MG/CU M):=CC(I,4}

121




48
49
50
ol
52
53
54
B3
5&
57
o8
59
6l
bl
62
&3
64
&5
1)
67
68
659
70
71
Fa
73
74
75
16
77
[
74
&0
al
HZ
g3
Hd
a5
BE
By
28
By
S
a1
42
a3
44
D5

46
47

122

K i ' nislolsieiniaieiniri e R i Re kel R R e R e R N LR

-

PITTS REM EFF FECOM DD COL 20 IN OC(I,7-10-13-16 ETC)
PUUTS M.BEEM IN €C(I,5-8-11-14...)
TO PRAFIL
NAME AND SIZE OF MAT DD+FIRST & LAST COLUMN TO ZERD
o CNRSUE
I=CONT NG,
T, TH1=CONT INCREMENT FIMAL,INIT TIME {HRS}
CAVPRD=CABIN AVERAGE CONT CONC (MG/CD M)
LD, NROW, NCOL=MAME & DIMENSIOMNS OF MAT DD
OO, MROWL , NOOL1=NAME & DIM OF MAT CC
CDI,NROWS , NCOL2=NAME & DIM OF MAT CDI
LINZ=NO. ACTIVE DEVICES IN MAT DD
T™C MASBAL
T=CONT N,
T, TN1=CONT IMCREMENT FINAL,INIT TIME {HRS;
LD, NROW , NOOL=NAME & DIMENSIONS COF MAT LD
CALCLC=CALC CABIN AV CONMC (ME/CD M)
o0, NROWL , NOOL1=NAME & DIM OF MAT CC
CDI,NROWZ ,NOOL2=NAME & DIM OF MAT CDI
CRIMAL=CARIN FINAL CONCEMNTEATION {M&/CT M)
CEOLIB=CABIN EQUILIBRIUM COMNCENTRATICN (MG/CU M}
LIN=NO. OF COMTAMINANTS IN MAT CDI
LINZ=NO. ACTIVE DEVICES IN MAT DD
TO RROUT
MATREIX MAME, #ROWS, #00LS, FIRST & LAST CCL TO PRINT, #LIMES TO PRINT

BASTC TIME INCREMENT (HRS)
BINC=DD{1l,11}
SET FINAL INCREMENT TIME {HRS)
TH=0.1*BINC /24
BECIN LOOF FOR EACH CONTAMINANT - ONE AT & TIME
CALCULATE REM EFF FOE EACH DEVICE, GED M.REM, CAV CABIN CALC
CEQULIEB, CFIMNAL-FUT IM MAT {C
O 100 I=1,LIN
ZERC MAT DD COL 17 TO 21
CALL PRAFTL (DD, MEOW,NCOL, 17,21)
SET CAVPRD = MINIMUM VALUE TO ALLOW COMPUTATION
CAVPRD=1E-20
DO{J, 22} =CAVERD
CALC REMOVAL EFFICIENCYS (THROUGH EFF CALLING SUBROUTINE]
THIS STORES REM EFF IN MAT DD ¢OL 20 FOR EACH DEVICE
CALL CNRSUB(I,TH,THN], DD, NROW, NCOOL, CC, NROWL , HCOL 1,
+ ODI, MROWZ , NOOL2 , LINZ )

CRLL MASS BALANCE-GET CAVPRD(=CAVCLC IN MASEAL) ,CEL, CFINAL,M,REM

CALL MASBAL(I,TM,TH1l,DD,NRCW,NCOL, CC, NROWL ,NCOL1,
+ CAVOLO,CDT, NROW2 , NCOLZ , CFINAL, CEQLIE, LIN, LTHZ )
CAVPRD=CAVCLC
PUIT CAVERD,CEQLIB, & CFIMAL IN MAT CC
CCLIL2Y=CAVERD
OO (I,31=CEQLIE




GH CCIiT,4)=CFTNAL

39 C GET REM EFF FROM DD COL 20 AND PUT IN CC(IL,7-10-13 ETO)
100 K="7
101 DO 101 J=2,LIN2
102 CO{I,El=DD{J, 20}
103 K=K+3
104 101 CONTINUE
105 ¢ TAKE M.REMOVED FRCM MAT DD COL 21 AND PUT IN MAT CQ(I,S-R-.,.}
106 CABIN REMOVAI, RATE '
107 CC{I,5)=DD({1,21)
108 C DEVICE 2-15 REMOVAL RATE
104 ¥=9
110 Do 102 J=2,LINZ
111 Co{I,K}=DD{J, 21}
112 K=K+3
113 102 CONTINUE
114 ¢ IF PRTEWl=1 THEM PRINT MAT DD+MAT CC INFO FOR THIS CONTAMINANT
115 IF (PRTSW1.EQ.1l) THEN
11& QPEN{IMSGON, FILE="CCN', IOSTAT=TIOVAL)
117 WRITE {IMSCON, *) ' FPRINTOUT FOR CONE CONT AT END OF FPOSET!
118 WRITE { IMSGDI, *} ' INFO FROM MAT CC*
119 CLOSE (IMSGDN)
120 CALL CROUT{NN, CC,NRCWL,NCOL1, 1,HCOL]1 ,LIN, I, I, IMSGON]
121 OPEN (IMSGDN, FILE="CON' , IOSTAT=T WAL
122 WEITE (IMSGDN, *) ' INFO FROM MAT DD
123 CLOSE {IMSGDHN)
124 CALL RROUT (DD, NROW,NCOL, 1,NCOL, LINZ, IMSGON]
125 EMNLHE
126
127 100 CONTINUE
128
124 BRETUEM
130 ¢ *RwEFXFAAF  END OF SUBROUTINE PCSET **Fkkkkwkddhhhhkhmrkkewwntamakd
131 EMD

NUMBER OF WAHRNINGS IN PROGRAM UNIT: {
NUMBER OF ERRCORS IN PROGRAM UNIT: O
NUMEER QF WAERENINGS IN COMPILATION : O
NUMBER OF ERR{ORS IN COMPILATION @ O
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RM/FORTRAN Compiler (V2.42)

source File: Ci:\RMFORT\TCCAWPFRAFIL., Options: /C 80 /L /BY /21792 12:58:44
1« B R R R R bR R R R EEREEFREEEEE EEE R R R R B R T I IR IR T R R AR A
2 C * SUBEQUTINE PRAFIL *
3 * SUBROUTINE TO FILL ADJUSTABLE SIZE REAT, ARRAY WITH ZEROS *
4 C had FARTIAL FILL-FR{M COL FSTCOL TO COL LEToOL *
5 C R R ERE SRR AR R E R L ER R R R R e R E L R L L L T g
& SUEBRCUTINE PRAFIL {X,NRCW, NCOL, FSTCOL, LSTCOL)

T INTESER MNCOL, NROW, FSTCOL , LSTCOL

2! EEATL X (NREOW,NCOL)

9

10 C INPIITS

11 ¢ A NROW, NCOL=NAME AND DIMENSIONS OF MATRIX X *
12 ¢ FETCOL, LSTCOL=FIRET AND LAST COLUMN TO FILL WITH ZEROS

13

14 IF{FZTCOL.GT . NCCL) FSTCOL=HCOL

15 IF{LSTCOL.GT.NCOL) LSTCOL=NCOL

1& IF (FETCOL.GT.LSTCOL) PSToOL=LST{0L

17 DO 110 I=1,MEOW

14 DO 100 J=F5TCOL, LETCOL

19 X{I,J3)=0.0
al CONTINIE

21 110 CONTINUE

22 EETUERN

23 & LA & NEREEREREX. END OF SUBROIFTINE PRAFIL LR R B A B EREREEEERESEEE L EEE XN
24 EM

NIMEER OF WARNINGS IMN PROGRAM UNIT: [
NUMEER OF ERRORS IN FROGRAM UMNIT: 0
NUMEER OF WABNINGS IM COMPILATION : 0
NUUMEEE OF ERRORS IN COMPILATION : [
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EM/FORTRAN Compiler (V2,42

Source File: C:\RMFORT\TCC\PRFANS. Opticongs; /C B0 /L /BY 05/21/92 12:58:58

1l C FILE PEFANS

2 C LEE SRS A RS ERLERERESREREEREE S B R L B L e E R L E R E SR RS
3 C * SUBROUTINE PRCLA *
4 C * PRCGRAM TO PRINT ANSWERS FOR CONCENTRATION DATA *
5 C LA R R AR R R R E R LR EEEEEER R ERER LR R RS EERE R R R R X 1
5

7 C MOTES: (1) FILE MUST BE OFEM BEFQRE STARTING THIS SUBROUTINE

8 C (2) IDEVNO MUST BE & FOR FORM FEEDSE TO BE PRINTED

4

10 SUBROUTINE PRCDA{TN,TM1,LIN,CC,NROWL,NCOLL, £DI,NEOW2 , NCOL2 , NN,

11 +IDEVHNG, NINC, IMOMNTH, IDAY, IYEAR, IHOUR, IMINUTE, FNAME, IOWVAL, IPGCTE,

12 +PRTEWE ,, PRTSWS , FOPLOT, IDEVH }

13 C SUBROUTTINES REQUIRED:

14 ¢ HDG1, HDG2 , HDG3 , HDG4

15

16 C TN, THN1=FINAL AND IMITIAL IMCREEMENT TIME [(HRS)

L7 C LIN=TOTAL NUMBEE OF CONTAMIMANTS

15 C COLNROW1 , NCOL1=NAME & SIZE OF MAT OO

19 C CDL, HMROWZ , NCOLZ=NAME & SIZE CF MAT (DI

20 C HNIN=NAME OF MAT NN

21 ¢ IGEVNO=DEVICE WNUMBER FOR OUTPUT

22 C MINC=TIME INCREMENT NUMEER

23 C = THEN PRINT HDG3 WITH PCALC

24 C =-1 THEN PRINT HDG2 WITH FIMNAL

25 C ELSE PRINT HDG2 WITH INCREMENT NUMBER

26 IMONTH, . IMINUTE=TIME AND DATE IMFO

27 C FHNAME=FILE NAME OUTPUT DATR IS STORED 0N

28 C IPGCTR=COUNTER FOR SEQUENTIAL PAGE NUMEERS N ALL OQUTEJT

29

30 REAT, CC(NROWL,NCOL1)

31 REAT, (DI (NROW2 ,NCOL2 )

32 CHARBOTER CNAME*:(,FNAME*Z24 , ECHE*1, FCPLOT*24

33 CHARACTER MNB (NREOWL) * 30

34 INTEGER FPRTSWE, PRTSWS , NINC

35 © ECHR=EXCEEDNG MAC CHARACTER {Y¥ OR NI

36 1iF {{PRTEWE.EQ.IJ+DR+{{PRTSWE.EQ.G}.END.{NINE.EQ.—I}J} THEN

37 C INCREMENT PAGE COUNTER BY CNE

38 IPGUTE=1IPGCTRE+1]

34

40 C S5TART FIRST FPAGE

41 PEINT POREM FEED

dZ WEITE {IDEVMD, 20, IOSTAT=ISVAL, ERR=90{]

43 020 FORMATI('1')

44 PRINT BLANK LINE FOLLOWED BY HEADINGS 1, 3 &4

45 WEITE [ IDEVNG, 40, IGCSTAT=I0VAL, ERR=900]]

46 040 FORMAT{1X, "' ")

47 CALL HD¥:1 (IMONTH, IDAY, IYEAR, THOUR, IMINUTE, FHNAME, IPCOTR, IDEVHO!
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48
4%
S
51
52
53
54
55
56
a7
58
=L
60
6l
62
b3
64
S
66
&7
64
69
70
71
Iy
73
74
75
76
T
Fa
74
g0
H1
)
83
H4
Ho
86
87
48
89
S0
9l
93
93
94
45
b

126

3

310

030

030

TIF{NINC.EQ.0) THEN

CALL HDG3(1l,TN1, TN, IDEVNC)
ELSEIF(NINC.EQ.-1} THEN

CALL HDG3 {2, THNL, TN, IDEVNG)
ELESE

CALL HDGZ (NINC, TN, TN, IDEVNG)
ENDIF
CALL HDGE4 { IDEVING)

FRINT AMOTHEER ELANK LINE

WRITE (IDEVING, 40, IOETAT=I0WVAL, ERE=500}

BEGIN LOOP FOR EACH CONTAMIMNAWNT 1 TO LIN
O 100 I=1,LIN

CHNAME=CONTAMINANT NAME

CHAME=NH (I}

FOONC=FINAL CONT COMCENTRATION (MG CU M}
FOONC=CC(I,4)

EMAC=MAXTMIM ALLOWABLE CONCENTRATIICN (MG3/CT M)
RMAO=CDT (T, 9)

IF CABIN CONC=MAC FRINT 'Y' OTHERWISE FRINT ‘MN°
IF ({FCOMC.GT.RMAC) THEN
EC]{E'.Z 1y
ELSE
ECHR='N"
EMOIF

FRIMNT 56 LINE:Z OF DATA AND THEN START MEW PFAGE

WRITE {IDEVHO, 10, IOSTAT=IOVAL, ERRE=900) I,CMAME, FCOMNC,RMAC,ECHE
FORMAT (1%, T4, 1%, A,1%,G11.4,1¥,G11.4,5X,4)

CHECE FOR 5& LINEZ-IF 50, INCREMENT PAGE NUMBER+START NEW PAGE

IF(INT{REAL (I} /56) .EQ.REALI{I)/5%6} THEM

IPGOTR=IPGCTRE+1

START SUBSEQUEMT FPAGES

PRINT FORM FEED
WRITE [ IDEVHO, 50, IDSTAT=TIOVAL , ERE=90{}
FORMAT('L1')

PRINT EBLANE LINE FOLLOWED BY HEADINGS 1, 3 %4

WEITE{IDEVNO, 30, IOSTAT=IOVAL, ERR=900)

FORMAT {1X, ' ')

CALL HDGL (IMONTH, IDAY, IYEAR, IHOUR, IMINUTE, FNAME, IPGCTR, IDEVNG!

TF{NINC.EQ.0) THEN

CALL, HDG3{L1l,THNL, TN, IDEVNO}
ELSEIF{NINC.EQ,-1) THEN

CALL HDG3 {2, TW1, TN, IDEVNG}
ELSE

CALL HDG2 (NTNC,THN1,TH, IDEVNO]




a7
98

9% C
100
141
102
103
104
105 C
106 C
107
108
La9
110
111
112
113
114
115
115
117
114
119
120
121
122

NUMBER
HNUMEBER

123
124
125
126
127
128
123
130
131
132
133
134
135
136
137
138
13%
140
141
142
143 ¢

(¥ Mo n

R

10

EMNDIF
{CALL HDG4 (IDEVHO
PRINT ANOTHER BLANK LINE

WRITE { IDEVNG, 30, IOSTAT=IOVAL, ERE=500]

EMDIF
100 CONTINUE
ENLIF

¥hAkAdkrdad WREITE COMCENTRATION DATA TO A PLOT FILE **#k+kxdxncwe
IF (NINC.NE,-1} THEN
IF (({PRTSWY.EQ.1).OR. (PRT2WY.EQ.3) ) THEN
OO 120 I=1,LINM, 304

I5=T
IE=I+250
IF (IE.ST.LIM} IE=LIN
WEITE {IDEVNL, 110, TOSTAT=ICOVAL,K ERR=9001 TH1 , T,

+ (CC(T, 4}, F=I5,1IE]

110 FPORMAT (T2,2(F8.3,1%),300{311.4,:,1%))
124 CONTINUE

ENDIF

ENDIF

GO TO 995
200 WRITE(*,*)*'I0 ERROR IN PRODA= ', IOVAL
99% RETURN

END

OF WARNINGS IN PROGEAM UNIT: {
OF ERRORS IN PROGEAM THMIT: (0

******t*tt*tt***************tﬂi*******tttttw****ﬁ#****ttt******t

* SUBROUTINE PRREMI1 *
: EHGGRHT TO FRINT ANMSWERS-RATE OF CONTAMINAMT REMOVAL (MG/HR) *
HEET *

**ttwrrru**w**t******i**ttw***t***t*****w*********t*************

NOTES: (1) FILE MUST BE OPEM BEFORE STARTING THIS SUBROUTINE
(2} IDEVNO MUST BE & FOR FORM FEEDS TO BE PRINTED

SUBROUTINE PREREMI (TN, TN1, LIN, CC,NROW1,NCOLL, CDI, NROWZ , NCOLZ , NN,
+IDEVING, NINC, IMONTH, IDAY, TYEAR, ITHOUR, IMINUTE, FNAME, IOVAL, IPCCTR)

SUBROUTINES REQUIRED:
HDGE1 , HDG2 ,HDG3 , HIXNSE

TN, THN1=FINAL AND INITIAL INCREMENT TIME (HRS}
LIN=TOTAL NUMBER OF CONTAMINANTS
CCLNROW1 , NCOLLI=NAME & SIZE QF MAT CC

CDI,NEQWZ , NCOLZ=NAME & SIZE OF MAT CDI
MM=MNAME OF MAT MM

127




144
145
14&
147
148
14%
154
151
152
153
154
155
156
157
158
154
160
161
1562
163
lo4d
145
166
167
168
16%
174
171
172
173
174
175
176
177
178
179
180
181
122
183
124
185
186
187
183
183
1440
1%l
1592
193

128

APPSR GREEDEY;

IDEVNO=DEVICE NUMEER FOR CQUTPUT
NINC=TIME INCREMENT NUMEEER
=0 THEN PRINT HDG3 WITH PCALC
==-1 THEN PRINT HDG3 WITH FINAL
ELSE PRINT HI¥:Z WITH INCREMENT NUMEBEER
IMONTH. . IMINUTE=TIME AND DATE INFQ
FMNAME=FILE NAME OUTFUT DATA IS STORED ON
IPGUTR=COUNTER FOR SEQUENTIAL PAGE NUMBERS ON ALL QUTEIT

REAL CC{NROW1,NCOL1)]

REAL, CDTI {NROW2,NCOL2}
CHARACTER CNAME*3(, FNAME*24

CHARACTER NN{MNEOW1] *30

INCEEMENT PAGE COUNTER BY CNE
IPGUTR=IPGCTR+1

START FIRST PAGE
FRINT FORM FEED
WRITE [IDEVMNG, 20, IOSTAT=IOVAL , ERR=8{00
020 PORMAT('1')
FRINT BLANK LINE FOLLOWED EY HEADINGS 1, 3 &8
WEITE{ IDEVHQ, 40, IOSTAT=IOVAL, ERR=%10
040 FORMAT (1%, ' ']
CALL HDG1 ( TMONTH, TDAY, IYEAR, THOUR, IMINUTE, FMAME, TEGCTE, IDEVHO}
IF (NINC.ES.0) THEM
CALL HDG3 (1,THL,TH, IDEVMND)
ELSEIF(NINC.EQD. -1 THENM
CALL HDG3 (2, Tl ,TH, IDEVINO)
ELSE
CALL HDG2 {NINC,TNL1, TN, IDEVHO)
ENOIF
CALL HDGE { IDEVND)
FRINT AMOTHEER ELAME LTIHE
WEITE{IDEVND, 40, IOSTAT=IOVAL, ERR=800)

BEGIMN LOOF FOR EACH CONTAMINAMT 1 70O LIN
D 100 I=1,LIN

PRINT 5£ LINES OF DATA AND THEN START MNEW PAGE
WEITE{IDEVHD, 1, IOSTAT=ICVAL, ERR=500} I,XMNI(I),
+CC(L,5),CC(I,8),C0(T,11) ,CC (1,14} ,CC{L,17},C0(T,20}),0C(T,23y,
+C0 (T, 261
{110 FORMAT (1X . T4,1¥, 4, 801X%,511.4}1}

CHECE FOR 56 LINES-IF 30, INCREMENT FAGE MUMBER+START NEW DAGE
IF{INT{REAL{IL] /56 .EQ.REAL (T} /55) THEN
IPGCTR=IP3 TR+1
START SUBSECQUENT PAGES
FRINT FORM FEED



194
155
136
197
158
195
200
201
202
203
204
205
206
207

208 C

2009
210
211
212
213
214
213
216
217

NIMEER
NUMEER OF ERECES It PROGEAM UNIT:

218
21%
220
221
222
2E3
224
225
426
227
2248
229
231
232
233
234
235
236
237
238
234

5y N

Mraeaa o0

WRITE ( IDEVND, 50, IOSTAT=TOVAL,, ERR=%00)
050 FORMAT{'1")
FRINT BLANE LINE FOLLOWED BY HEADINGS 1, 31 48
WRITE (IDEVMD, 30, IOSTAT=IOVAL, ERE=4900)
130 FORMAT{1X,'"]
CALL HDG1 (IMOMTH, IDAY, I¥EAR, THOUR, TMINUTE, FNAME, IPCOTR, IDEVIO)
IFININC.ED.D} THEN
CALL HDG3I (1,1, TN, IDEVRO!
ELSEIF IMNINC.EQ.-1) THEN
CALT, HI¥I3 (2,THN1, TN, IDEVHO}
ELSE
CALL HDGZ2 (NINC,TH1,TH, IDEVHG)
ENOIF
CALL HDGH [IDEVHNO ]

PRINT AMNOTHEER BLANE LINE
WERITE [IDEVHO, 320, I0BTAT=TIOVAL , ERRE=900)
ENDIF
100 COMTINUE
G0 TS 999
900 WRITE(*,*)'ID ERROR IN PREEM1= ', ICOVAL
999 RETURHN
END

OF WABNIMNGS IN PROGCEAM UNIT: {

LA REER A A A R EE SR ERRREEEREFEEREE R R s L AR R
* SUBROUTINE PRREMZ -
* PROGRAM TO PRINT ANSWERS-RATE OF CONTAMINAMT REMOVAL (MG/HR) *
* SHEET 2 %

LI R R R R A LR R R R EREEEEE LR R R EEE R K R T R R A R

NOTES: (L)FILE MUST BE OFEW BEFORE STARTIMG THIS SUBROUTIME
(2} IDEVNG MUST BE & FOR FORM FEEDS TO BE PRINTED

SUEBROUTINE PRREMZ (TN, TNL, LIN,CC, NECW1 ,NCQLL, CDI, WROWZ2 , NCOL2 , NI,
+IDEVNO, NINC, IMONTH, IDAY, IYEAR, THOUR, IMINUTE, FNAME, ICVAL, IPGCTRE 230
SUBRCUTINES BEQUIRED:
HDGL  HDGZ  HI¥: 3 , HIXGA

TN, TN1=FINAL AND INITIAL INCREMENT TIME {HRES)
LIN=TOTAL NUMEBER OF CONTAMINANTS
CCLNREOWL , NCOL1=NAME & SIZE OF MAT CC
CDI,NROWZ,NCCL2=NAME & SIZE OF MAT CODI
NN=NAME OF MAT NN

IDEVNO=DEVICE NUMEEER FOR OUTPUT
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240
241
242
243
244
245
246
247
248
24%
250
251
252
453
254
255
256
257
458
259
260
46l
262
463
264
265
266
267
268
26%
270
271
472
273
274
275
276
277
478
279
280
4l
282
283
204
485
206
287
288
283

130

I R R I

D2l

040

01d

NINC=TIME INCEEMENT NUMBER

=0 THEWN PRINT HDZ3 WITH PCALC
=-1 THEMN FRINT HIX32 WITH FIMNAL
ELSE PRINT HDGZ WITH INCREMENT NUMBER

IMONTH. . IMINUTE=TIME AND DATE INFO
FNAME=FILE NAME CUTPUT DATA 15 STORED ON
IPGCTR=COUNTER FOR SEQUENTIAL FAGE NUMEBERS OMN ALL {OUTFPUT

EEAT, CC (MROW1,NCOL1)

REAL CDT{NRCOW2,NCCL2}
CHARACTEER. CNAME*1(, FNAME*24
CHARACTER NN (NROW1} *30

INCREMENT FAGE COUNTER BY ONE
IPGCTR=IPGCTR+1

START FIRST PAGE
DOM'T PRINT FORM FEED UNLESS NO. CONT = 20
IF{LIN.GT.20} THEMN

PRINT FOREM FEED
WEITE (IDEVHCG, 20, IOSTAT=I0VAL, ERR=%00)

FORMAT('1"']
EMNDIFE
PRINT BLANK LINE FOLLOWED BY HEADIMNGS 1, 3 &9

WRITE{IDEVHD, 40, IOSTAT=TIOVAL, ERR=500]]

FORMAT {1X, ' "}

CALL HDGI { ITMONTH, IDAY, IYEAR, THOUR, IMINUTE, FNAME, IPGCTR, IDEVNC)
IF{NINC.EQ.D) THEN
CALL HDGZ{1,THL, TN, IDEVNO}
ELSEIF{HNINC.EQ.-11 THEN
CALL HDG3{2,TNL, TN, IDEVNO}
ELSE
CALL HDGZ (NINC,THN1, TN, IDEVNG!
ENDIF
CALL HDGY (IDEVNG)

PREINT AMNOTHER BLANE LINE

WEITE (IDEVHG, 440, IGSTAT=IOVAL , ERE=5%00 ]

BESIN LOOFP FOR EACH CONTAMINANT 1 TO LIN
DO 100 I=1,LIN

PRINT 56 LINES OF DATA AND THEN START NEW PAGE
WRITE (IDEVNG, 10, IOSTAT=ISVAL, ERR=900) I.NM{I),

+oC(I,2%),0001,32) ,CCH{L,35),CC(L,38),CC{L,41},CC{T,44),CC(I,47}
FOEMAT {1X,I4,1X A, 7(1X,=511.4}

CHECE FORE 56 LINES-IF 20, INCREEMEMT PAGE NUMBEE+START NEW FAGE

TF{INT(REAL{T] /56] .EQ.REAL{T) /56) THEMN
IPGCTR=IPECTR+1
STAET SUOBLSEQUENT PAGSES



250 C FRINT FOEM FEED

291 WRITE [IDEVNO, 50, IOSTAT=I0VAL , ERE=900)
282 a0 FORMABT (1"}

292 C PEINT BLANK LINE FOLLOWED BY HEADINGS 1, 3 48
294 WRITE (IDEVNG, 30, IOSTAT=TIOVAL , ERR=90{]
205 030 FOEMAT{1X,"' "]

256 CALL HDG1 (IMONTH, IDAY, IYEAR, IHOUR, IMINUTE, FNAME, IPGCTR, IDEVHD)
297 IF({NINC.EQ.0} THEWN

298 CALL HI¥:2 ({1,TH1,TH, IDEVND)

299 ELSEIF (NTMO.EQD. -1 THEN

300 CALL HLG2 (2, TH1, TH, IDEVNO)

301 ELSE

302 CALL HDGEZ2 {HNINC,TN1, TH, IDEVND)

303 FENDIF

3104 CALL HDGS { IDEVND)

ing ¢ PRINT AMOTHER BLANE LINE

e WRITE{IDEVNG, 30, IOSTAT=TIO0VAL, ERR=900}
07

308 ENCIF

3409 100 CONTINUE

310

311 GO TO 999

312 900 WRITE(*,*) 'I{ ERRCR IN FRREMZI= ', IOVAL
313 999 RETURM
314 END

NUMBEE OF WARNINGS IM PROGRAM TUNIT: O
NUMEER OF ERRORS IN PROGRAM UNIT: 0

315

316 €O g N u SR S T U R g ML A R R R R R T R
JL7 C * SUEBROUTINE FEMAS] *
318 C * PROGRAM TO FPRINT ANSWERS-SUM OF CONT REMOVED BY DEVICE (MG *
315 C * SHEET 1 *
190 O e T S L 2 2t 222 2L
321

322 C HOTES: (1) FILE MUST BE OFEN BEFCEE STARTIMNG THIS SUEBBECUTIHNE

323 C (2] IDEVND MUST BE & FOR FORM FEEDS TO EE PRINTED

324

125 SUBROUTINE PRMAS] (TH, TN1,LIN,CC,NROW1 NCCOL1, CDI  NROWZ , NCOLZ , NI,
326 +IDEVNG ,NINC, IMONTH, IDAY, IYEAR, IHOUR, IMINUTE, FNAME, IOVAL, TPGLUTR}
327

328 ¢ SUBROUTINES REQUIRED:

333 C HDGL , HRGZ , HIGS , HDGS

330

33l C TH, TH1=FINAL AND INITIAL INCREMENT TIME {(HRS}

332 ¢ LIN=TOTAL NUMBER OF CONTAMIMNANTS

333 C CC,NEOW] ,, NCOL1=NAME & SIZE OF MAT CC

334 C CDI,NROWZ , NCOL2=NAME & SIZE OF MAT CDI

335 C NM=MAME OF MAT NN

131




336 C IDEVNO=DEVICE MUMBER FCOR OUTEUT

337 C MNINC=TIME INCREMENT NUMEER

338 ¢ =0 THEN PRINT HIx33 WITH PCALC

339 C =-1 THEN PEINT HI¥:3 WITH FIMNAL

340 ¢ ELSE PRINT HIDZ2 WITH INCREMENT NUIMBER

341 ¢ IMCONTH. . IMINUTE=TIME AND DATE INFO

342 C FNAME=FILE MNAME QIFFPUT DATA IS5 STORED ON

343 C IPGCTR=COUNTER FOR SEQUENTIAL PAGE NUMBERS ON ALL OUTPUT
J44

345 BEAT, CC {NROWL , NMCOLL)

346 REAT. CDT {MNREOWZ , NCOLZ )

347 CHARACTER CHAME*30, FNAME*Z4

3483 CHARACTER MM {HROW1) *30

349

350 ¢ INCEREMENT PAGE COUNTER BY CNE

351 ITPGCTR=TIFECTE+1

352

353 ¢ STARRT FIRST PAGE

354 ¢ PEINT FORM FEED

355 WRITE [IDEVND, 20, IOSTAT=IOVAL , ERR=500"

il 020 TFZREMAT{'1l')

387 C PRINT BLANE LINE FOLLOWED BY HEADINGS 1, 3 &5
3B WREITE{IDEVNO, 40, IOSTAT=I1CVAL, ERR=500}

354 044 FORMAT(LX, '")

360 CALL HD¥Z1 [ IMOMNTH, IDAY, I¥EAR, IHOUE, IMINUTE, FNAME . I PGOTR,, IDEVIG)
36l IF{NINC.EQ.O) THEN

362 CALL HDG3I (1, T, TN, IDEVHO}

363 ELSEIF{NINC.EQ.-1)] THEN

364 CALY, HDKI2 (2, TN1, TN, IDEVHND)

365 ELSE

IER CALL HDGEZ (NINC, TH1, TH, IDEVIO)

367 ENDIF

368 CALL HDGS { IDEVHO}

369 C FRINT ANCTHER BLANE LINE

370 WRITE (IDEVHG, 40, I0STAT=I0VAL, ERR=900")

371

372 ¢ - BEGIN LOOCP FOR EACH CONTAMIMANT 1 TC LIN

373 DO 100 I=1,LIN

174

375 C PEINT 56 LIMES OF DATA AND THEM START NEW PAGE
376 WRITE (IDEVNC, 10, ICSTAT=IOVAL,EER=900) I,HNI{I],.
378 +CC{I, 27

379 010 FORMAT {1X, T4, 1X A, 8{1X,G1lL.4))

380

381 C CHECK FOR 56 LINES-IF S0, INCREMENT PACE NUMBER+START MEW FAGE
382 IF{INT(REAL{I)/5&) .EQ}.REAL(I} /567 THEN

383 IEGOTR=IFPGOTR+1

g4 ¢ START SUESEQUENT FAGES

iBhE ¢ PEINT FOEM FEED
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386
387
138
384
390
301
193
393
354
355
396
397
398
399
400
401
402
433
404
405
406
407
408
404

WRITE { IDEVNG, 50, IOSTAT=ICVAL, ERR=300)
050 FORMAT{"1"'}
PRINT BLANK LINE FOLLOWED BY HEADINGS 1, 1 &B
WRITE { IDEVND, 30, IOSTAT=I0VAL, ERR=300}
030 FORMAT{1X,'"}

CALL HDGl[IMGNTH,IDHE,IYERR,IHGUR,IMINUTE,FNAME,IPGCTR.IDEvHD}

IF{NINC.EQ.O} THEN
CALL HDG3 (1, TW1, TH, IDEVIG]
ELSEIF {WINC.EGQ. -1} THEN
CALL HDG3{2,TN1, TN, IDEVNQ)
ELSE
CALL HDE2 {WINC, TH1, TH, IDEVNO]
ENDTF
CALL HDGS ( TDEVNOC
PRINT AMNOTHER BLANK LINE
WRITE{IDE?ND,ED,IDSTHT:ID?AL,ERH:QDU}

ENDIF
100 CONTINUE

GO TO 0%
300 WRITE{*,*)'IC ERRCR IN FEMAS]= ', IOVAL
5949 RETURN

END

NUMBER OF WARNINGS IN PROGEAM UNIT: 0
MIIMEER OF EREORE IM PROGRAM UNIT: 0O

414
411
412
413
414
415
416
417
414
41%
42{)
421
422
423
424
425
426
427
428
424
430
431

ey Do

Oy e

#*titt**ti*t**********tt****!l*****tt**f******t*i***t******i****

* SOERCUITINE PRMASZ
* PROCRAM TO PRINT AMSWERS-SUM OF CONT REMOVED BY DEVICE (MG)
* SHEET 2

=
*
L

t***tt*#t***t******t*****tt****ttt*i*ti****ttt****tit***t****tt*

NOTES: {1)FILE MUST EE OFEN BEFCRE STARTING THIS SUBROUTINE
(2) IDEVHO MUST BE & FOR FORM FEEDS TO BE PRINTED

SUBROUTINE PHMhEE{TH,TNl.LIH,CC.NHGWI,HCDLI,CDI,NRGW?,HCGLE.HN:
+IDEUND,NINC,IMGNTH,IDEY.IYERR,IHDUR.IHINUTE,FMAHE.ID?EL,IPGCTRJ

SUBROUTINES REQUIRED:
HDG] , HDG2 , HDG3 , HDGE

TN, TH1=FINAL AND INITIAL INCREMENT TIME {HRS)
LIN=TCTAL NUMBER OF CONTAMINANTS
CC, NROWL , HCOL1=NaME & SIZE OF MAT CC

COI, NROW?2 , NCOL2=NAME & SIZE OF MAT CDI
NH=MAME OF MAT NN
IDEVIO=DEVICE NIMBER FOR CUTFUT
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432 MNINC=TIME INCEEMENT INJMEER

433 =0 THEM FRINT HDG3 WITH PCALC

434 —-1 THEM PRINT HDG3I WITH FINAL

435 ELSE PRINT HDGZ2 WITH INCREMENT NUMEEER

4318 C IMONTH., . IMINUTE=TIME AND DATE INFO

437 FMAME=FILE MNAME OUTPUT DATA 12 STOREDR ON

438 ¢ IDPGOTR=COUNTER FOR SEQUENTIAL PAGE WUMBERS ON ALL OUTFUT
439

4410 REAL OO (NROWL,NCOLL)

441 REAL CDT (NROW2 ,NCOLZ)

442 CHARACTER CHAME*3(, FNAME*24

443 CHARACTER NN {MNROW1) *30

444

445 C INCEEMENT PAGE COUMNTER BY CHE

446 IPGCTR=IPGOTR+ 1

447

448 START FIRST FAGE

449 © LON'T PRINT FORM FEED UNLESS NO. CONT = 20

450 IF(LIN.GT.20} THEN

451 ¢ PRINT FORM FEED

452 WRITE [ IDEVNG, 20, IOSTAT=IGVAL, ERR=300]

453 020 FOEMAT{'1")

454 ENDIF

455 FRINT EBLANE LINE FOLLOWED BY HEADINGS 1, 3 &5
156 WRITE(IDEVNO, 40, IOSTAT=ICVAL, ERR=900}

457 040 FORMAT(1X, ')

458 CALL HDGL { IMONTH, IDAY, IYEAR, IHOUR, IMINUTE, FNAME, IPGCTR, IDEVNO]
459 IFINING,ED.O) THEN

460 CALL HDG34{1,THL, TN, IDEVNO}

161 ELSEIF{NINC.EQ.-1} THEN

452 CATIT, HI¥:3 (2, TN1, TN, IDEVHC)

463 ELSE

464 call, HDGZ2 (MINC, THL , TH, IDEVHO)

165 ENDHF

4R6 CALL HDGE (IDEVRO]

467 © PEINT ANOTHER EBLANK LINE

468 WRITE [ IDEVNG, 40, IOSTAT=ICVAL, ERRE=500)

469

470 C BEGIN LOOP FOR EACH CONTAMINANT 1 TO LIN

471 oK 100 I=1,LIN

472

473 C FRIMNT 56 LINES OF DATA AND THEN START MEW PAGE
474 WRITE{IDEVNG, 10, IOSTAT=I0VAL, ERR=200) I, NN{I]},
475 F#OC{T, 300, C001,33),00(T,36),00(1,359),0C1(1,42) LCC(TI,45) ,CC(T,48)
476 01 FORMAT (13X, T4, 1X,A,7(1X, G11.4]}

477

478 CHECE FOR 56 LINES-IF 50, INCREMEMT PAGSE NUMBER+START NEW PAGE
479 IF (INT(REAL (I} /56} .EQ.REAL{I] /56) THEN

480 TP TR=TIPGCTR+1

481 C START SUBSEQUENT PAGES
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482
483
484
485
486
487
488
4854
430
441
192
433
4G4
445
196
447
4938
439
o00
501
502
503
ol
585
506

C

PRINT FORM FEED
WRITE{IDEVNO, 50, IOSTAT=IOVAL, ERE=9(010 )
150 FCORMAT('1"}
FRINT BLANK LINE FOLLOWED BY HEADINGS 1, 3 &85
WRITE({IDEVNO, 30, IOSTAT=IOVAL, ERR=500}
030 FORMAT(1X,'"}
CALL HDGL (IMONTH, IDAY, IYEAR, IHOUR, IMINUTE, FNAME, IPGCTR, IDEVHO!
IFI{NING,EQ.0}) THENM
CALL HD:3 (1, TH1,TH, IDEVHOD
ELSEIF (NINC.EQ.-1) THEN
CALL HD¥G3{Z,TW1,TN, IDEVHO!
FLEE
CALL HIGE (NINC, THN1, TH, IDEVNDO}
ENDIF
CALL HDGE {IDEVING)
PEINT ANOTHEE BLANE LINE
WRITE(IDEVHD, 30, IOSTAT=TOVAL, ERE=5%00"

ENDIF
140 CONTINIE

GO TO 9%%
900 WRITE(*,*)'IO ERRQOR IN PRMAS2= ', IOVAL
5%9 RETURMN

EMND

NUMEER OF WARNIMNGS IN PROGRAM UNIT: 0
NUMEEE. OF ERRORS  IN PROGRAM UNIT: O

507
S{E
LY hs
514
511
512
513
514
515
516
ol7
518
519
520
521
B22
523
544
545
526
527

1y o

SESNENS TSy

LR R A RS EEER R SRR EREREREE R B R R R R e T TPy R AT Ay R A R N

* SUBRCUITINE PREFF *
* PROGRAM TOQ PRINT AMNSWERZ-END OF INCREMENT REMOVALL EFF (BEC) *
*® *

A R R A R A ELE RS R EEREERREE R R R R I I T I T S At Sy gy U TR LYt U T AR R RS

NOTES: (1} FILE MUST EE CPEM EEFCRE STARTING THIS SUBRCUTINE
{2} IDEVNG MUST BE & FOR FOEM FEEDS TCQ BE PRINTED

SUBROUTINE PREFF (TN, TWL, LIN,CC,NROWL, NCOL1, CDI, NROW2 , NCOL2 , NI,
+IDEVNG,NINC, IMONTH, IDAY, IYEAR, IHOUR, IMINUTE, FHNAME, IOVAL, TPGOTE,
+PRTSWE, PRTSWS , IDEVIZ )

SUBROUTINES REQUIRED:
HDG1, HDGZ, HDG3 , HDG?

TN, TN1=FINAL AND INITIAL INCREMENT TIME {HRS)
LIN=TOTAL NIMBER OF CONTAMINANTS
CC,NROW1 , NCOL1=NAME & SIZE OF MAT (C

ChI, NROWZ , NCOLZ2=NAME & SIZE OF MAT DI
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528
5249
530
531
532
533
534
53E
536
237
538
534
540
541
542
543
44
545
546
547
544
549
54
551
552
553
554
205
556
57
558
nhg
=14
561
5E2
563
5564
565
566
L
BEE
569
570
571
572
273
274
o7
576
=N
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I TR I B B e I

Q20

040

010

NH=NAME OF MAT NN
IDEVHNO=DEVICE NUMBER FOR OQUTEUT
NINC=TIME INCEEMENT NUMEER
=0 THEN PRINT HD¥:3 WITH PCALC
=-1 THEM PRINT HDG3 WITH FIMAL
ELSE PRINT HDGZ2 WITH INCREMENT MUMBER

IMONTH. . IMINUTE=TIME AND DATE INFO

FMAME=FILE MNAME OUTPUT DATA IS STORED ON
IPGCTR=COUNTEE. FOR SEQUENTIAL PAGE NUMEERS ONM ALL CUTE(T

REAL CC (MROW1 ,NCOLL)

REAL DI {MNROW2,NCOL2}

CHARACTER CHAME*3(, FNAME*24

CHARACTER MM (MNRCOW1}*30

INTEGER PRTSWE, PRTSWI, IDEVHNZ, IDEVNG, I, J, K, H, NINC

IF ({FRTSWH,EQ.1).OR. ((PRTSWE.EQ. 0} ,AND. (NINC.EQ.~11}) THEN
TNCREMENT PAGE COUNTER BY CNE

IPGCTRE=TIPGCTR+1

=TART FIRST PFAGE
FRINT FCREM FEED
WRITE{IDEVNO, 20, TOSTAT=-IOVAL, ERE=%0{]
FORMAT("1"')
PRINT BLANK LINE FOLLOWED BY HEADIMGS 1, 3 &9
WRITE { IDEVIND, 40, IOSTAT=I0VAL, ERR=200]
FORMAT (1X,* ']
CALL HDG1 (IMONTH, IDAY, IYEAR, THOUR, IMINUTE, FNAME, IPGCTE, IDEVH()
IF (NIMC.EQ.0) THEN
CALL HI¥:3 {l,TMLl, TN, IDEVHD)
ELSEIF(NINC.EQ.-1] THEN
CALL HD¥E3 (2, TW1, TN, IDEVNGD)
ELZE
CALL HDGZ (NINC, N1, TH, IDEVNO}
ENDIF
CALL HDGT (IDEVNG)
FRINT ANOTHEE BLANK LINE
WRITE (IDEVND, 40, IOSTAT=TICVAL, ERR=500)

BEGIN LOOF FOR ERCH CONTAMIMNANT 1 TO LIN

PRINT 56 LIMES OF DATA AND THEN START NEW PAGE
WEITE({IDEVND, 10, IOSTAT=IC0VAL, ERE=900) I,NMN{I),

+CC(L, 7)), 0T, 100,001, 13y ,C01T, 160 ,001T,19) ,C0(1,22) ,CC(T,25),
+CC (I, 28}, CC(T,31),8C(T,34),CCII,37),00(1,40),C00{T,43),C0(1,46}

FORMAT(1X, T4, 1¥,A,14{1X,F5.3})

CHECE FOR 56 LIMES-IF 50, INCREMENT PAGE NUMBEE+START NEW DPAGE
IF (INT{REAL{I}/SE}.EQ.REAL{(I)/56) THEM
IFGCTRE=TIPGCTR+1




578 C
979 C
S0
581
582
583
584
SRS
o286
587
588
SHY
oo
591
592
593
594 C
255
S
a7
5338
5 4%
GO0
E01
02
£03
04
A0S
a{6
Ga7
BOY
B0%
610
£11
BlZ
6l3
14
615
G616
617
618
6l%
L4l

)

NOMEER
HNUMEER
HIMEER
NUMBER

START SUBSEQUENT PAGES
FRINT FOURM FEED

050

WRITE { IDEVNG, 50, ICSTAT=IOVAL, ERR=90{])
FORMAT{"1")

PEINT BLENEKE LIMNE FOLLOWED BY HEALDTNGS 1, 3 &4
WRITE{IDEVHG,ED,IGETET:ID?EL,ERR:QGGJ

030 FORMAT (1X, * * )
CALL HDGl[IHDNTH,ID&?;IYE&R.IHDUR;IHINUTE FMAME . T BT
IF(NINC. EQ.0) THEN ' ¢ HPGCTR, TDEVNO]

CALL HDG3 (1, T, I, IDEVNO)

ELSEIF (NINC.EQ.-1) THEN

CALL HDGZ {2, TH1, TH, IDEVNG)

ELSE

CALL HDGZ (NINC,TN1, TN, IDEVNO]

EMDIF

CALL HDGT (IDEVHO!

PRINT ANOTHER ELANK LINE
WRITE{IDEVNG, 30, IQSTAT=IOVAL, ERE=900"

ENDIF
130 CONTINUE

ENDIF
**t**l‘***i*"ﬂ'*** E‘JH.ITE DATA |I|-D J_ﬁ‘. FILE F.|:|H PLGTTING ook ke ko ko ok ko
ig ETINC+NE.—11 THEM
PRTSWS .EQ. 2} .CR, {PRTSWY . ED.,
oo 70 I=1,LIN, 300 =30} THEN
IS=I
IE=I+2%49
IF {IE.GT.LIMN) IE=LIN
E=T
D3 &0 H=Z,15
WRITE {IDE?NE,55,IGST&T=ID¥QL,ERR=9DD] Tl , TH, H,
+ (CCY, Ky, T=I5, IE)
355 FORMAT (T2,2(F2.2,1X),12,1X,300(F5.53, :,1X1}
E=E+3
0a0 COMNTINIIE
oo CONTINUE
ENDIF
ENDIF
(30 TO 995
900 WRITE{*,*!'I0) ERRCR IN PEEFF= ', I0OVAT,
5%49 RETURN
EMNI
OF WAFNINGS IN PROGRAM UNIT:
OF ERROES IN PROGEAM UNIT: 0
CF WAEMIMNGS IN COMPILATION : 0
QJF ERER{OES IN COMEILATION : O
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fFORTRAM Compiller (VZ.42)

W
oy LA

T, TH1 =INCREMEMNT END & BEGIMMING TIME {HRS!
CPVERR=CONVERGENCE ERROR

Source Fille: C:\BMFORT\TCC“PFREDCT., Options: /C BO /L /BY OR/Z21/792 12:58:48
'l C IS4 A4 R EEEEEFEEERESESEEREREEE S NSRS E BRI TN LRI TR E R IN IR TN I E N
2 C SUOBROOTINE PREDCT ¥
icC *  BASED ON REMOVAL EFF & SUM MASS BEEMOVED OF LAST INCREMEMNT, *
d C *  AND M.GEM OF THIS INCEEMENT, PREDICT CAY PRED *
% C * (CEQUILIEB, CFINAL, M.REM ARE ALSO (AL, BUT MNOT MEEDED) *
6 O * WORKS FCOR ONE CONT AT A TIME bl
? [y LA A B AR RAERERLEEEELAELEEEERESEREEREERSEERLELELERERE SRS LRSS EESREES SR
g
4 SUBROUTINE PREDCT{I, TN, TH1, CAVEPRD, D, NEOW, MCOL,

140 +CC, NROWL , NCOLL , CDI, NROWZ , NCOLZ , CAVCLC,, CFINAL,, CEQLIE, LIN, LINZ , NIY)
11
12 INTEGER. NROW, NCOL, NROW1, NCOLL , NROW2Z , NCOL2
13 CHARACTER NN (MROWL) *30
14 REAL LD (NROW,NCOL!
L5 REAL CC (NROW1,NCOL1}
15 REAL CDI (NROWZ ,NCOLZ)
17 C
18 € SUBRODUTINES REQUIRED:
l% © PERAFIL-ZERCS MAT DD 0L 17-21
20 ¢ LODEFF-LOATL: REM EFF FOR LAST INCE FEOM MAT CC INTO MAT DD COL 20
21 © MAZBAL-CALC CAV PRED BASED CN EEM EFF OF LAST INC & M.OEN OF THIS INC
a2 C
23 T INPIUTS:
24 C  FROM MCALC
25 C T=CONTAMINANT NO.
26 C TN, TN1 =INCREMENT END & BEGQINNING TIME (HRS)
27 LD, NEOW, NOOL=NAME & DIM OF MAT LD
28 C OO NROWL , NOOL1=NAME & DIM OF MAT CC
29 C CLI,NEOWZ , MCOL2=NAME & DBIM OQOF MAT CDI
i LIN=NDO, OF CONTAMINANTS IMN MAT CDI
31 C LIN2=NC, DEVICES IN MAT DD
32 C NH=HAME OF MAT NN
33 € FROM LODEFF
34 C TARES REM EFF FOR LAST INCR (IM MAT CC} AND FUTSE IT IN
35 C MAT DD COL 40 (FOR ALL DEVICES)
36 ¢ FROM MASBAL
37 CAVCLC=CALC CABIN CONT CONC (MG/CU M)
38 C OUTFUTS:
3% ¢ TO LODEFF
40 I=CONTAMIMNANT LINE NUIMEER IN MAT OO
41 LD, NEOW , NOOL=NAME & DIMEMSICNS OF MAT DD
42 C CC, NEOWL , NCOL1=MNAME & DIMENSICNS OF MAT CC
43 C LINZ=NO. OF DEVICES IN MAT DD
44 C T MASBAL
C
C
-

[y
-]
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DD, NEOW , NCOL=NAME & DIM OF MAT DL




48
4%
50
51
54
53
54
23
=1+
57
oE
B9
60
Bl C
62
63
4 C
65
7]+
67 C
6E C
63
Fil.
71
72 C
73
74 C
75

Do

NUMEER
NUMBER
NUIMEER
NUMEBER

CC, NROWL , NCOL1=NAME & DIM OF MAT OC
DI, NROW2Z NCOLZ=NAME & DIM OF MAT CDI
LIN=NO. OF CONTAMINANTS IN MAT CDI

LINZ=NZ. DEVICES IMN MAT DD

CVOL=CABIN VOLUME ({17 M]
TCABIN=CAEIN TEMP (DEG E)

CINIT=INCR INIT CABIN CONT CONC

TO MCALC
CAVCLC

ZERQ MAT DD COL 17-21
CALL FPRAFIL(DD, NROW,NCOL, 17,21}

(MG/CU M)=CCiI, 1)

LOAD REM EFF FROM LAST TIME IMNCR FROM MAT CC INTO MAT DD COL 20
CATL LOLEFF (I, DD, NROW, NCOL, OC , NRCOW1 , NCOL1 , LINZ |

FIND CAV PRED FOR THESE REMOVAL EFFICIENCIES
CALL MASBAL(I,TWN.IN1l, DD, NROW, NCOL, CC, NROW1, NCOL1,
+ CAVERD, CDI,NROWZ, NCOL2 , CFTMAL, CEQLIE, LIN, LINZ)

SET CaAY IN PRED DD{I,22)=CAV IN CAL{ DDII,17)

DO 100

J=1,LINZ

OD(J,22)=DD{J, 17
140 CONTINUIE

RETURN

Tk Ak kkiok kN E:t"]]:l DF SUEHGUTINE FHEDCT LB B B S A A SR A4 EESE S SR EERERE:

EMT:

OF WARNTMNGS
OF ERROERS
OF WARNIMGES
{OF ERROES

IN PROGEAM TINIT:
IN PROGEAM UNIT:
IN COMPILATICN
IN COMPILATION -
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RM/FCRTRAN Compiler (vV2.42)
Scurce File: C:\RMFORT\TCOWRAFILL. Options: /C 80 /L /BY Q5421792 12:58:55

10}y 0

O e
e G b b O S 00w €T LN G B
(i e W

=
()

16 100
1% 110
18

1% C

20

NIMEER OF
NOMEEERE. OF
MNIIMEBER OF
NUMBER OF

140

LR R R R R R R R R R E R R R R R R A R TR TR TRV N N N S G A N N A N N M M R R

* SUBROUTINE RAFILL

L

* SUBROUTINE TO FILL ADJUSTABELE SIZE REAL ARRAY WITH ZERCS ¥

At ke e A ek Atk E A A A N kRN E Rk kA kkk* N F A AR AR R ARkt *h ket XA A A LT H kK

SUBROUTINE RAFILL { XX, NROW, NOOL)

TNTEGEE. NECOW, NCOL
REAL XX {NROW,HNCOL)

XE=AFRAY MNAME
NCGL= COLUMNE IN MATRIX
NEOW= RCWS IN MATRIX

Do 110 I=1,NROW
Lo 100 J=1,HCOL
R, J1=0.0
CONTINIE
CONTINUE
RETURN

*rkkkkrirdsds  ENI} OF SUBROUTINE RAFILL

EMD

WARNINGS IN PROGRAM UNIT:
ERRORS IN PROGRAM UNIT:
WARNINGS TN COMPITATION
EFROES IN COMPILATION

0
0
0
0

LR R S R EEESEEERLEEREREREEX X




EM/FORTRAN Compiler (V2.42)

Source File: C:AZVRMFORT\WTCOARCHED.F Optiong: /C BO /L /BY OR/21/92 13:00:11
l C I F T E R RS EFE LT EE TR EEEEEEREEE RN LR LRSS LS NS BB EE S & &5 8.
2 C * FILE:RCHED, FOR *
1 * SUBROUTINE FOR REM EFF-RADIAL FLOW CHARCCOAL. BED *
4 C * LOESHT ALLOW FOR DESORPTION *
5 ¢ * ASSUMES RELATIVELY THIN EED (0D CLOSE T ID) *
6_ I:' T E E R R E E E R E R EEEEEE R T IR R T
7C
H SUBROUTINE RCHED (TN, THN1,CIIN, TCAERIN,COEXTIS, BEDD, EMAX, CARTL,
£ +BEDOD, BEDID, DEMNCH, TRTTYF, DCONT , VMOL , MW, VCONC , S0L, SME, EFF)
0 C CUTETT
11 ¢ EFF=BED REMOVAL, EFF (DEC)
12 C INPUTS ¢
13 ¢ TN, THI=INCREMENT INITIAL AWND FIMAL, TIMES (HR)
14 CIIN=BED INLET CCHNT COMNC [(MGE/CD M)
15 ¢ TCABIN=CABRIN TEMP [DEG K)
16 C COEXIS=COEXISTANCE FACTOR
17 C EEDO=BED FLOW EATE (CU M/HR!
18 C EMAY¥=MAXTMUM BED EFF (DEC!
15 ¢ CARTL=CARTRIDGE LEMNGTH (M)
20 C BEDOD=BEL: OUTSIDE DIAMETER {M)
21 C BEOIN=EEL INSIDE DIAMETEER (M)
22 ¢ DEMCH=DENSITY OF CHARCOAL IN BED (KG/CHT M)
23 ¢ TETTYP=BED TREATMENT TYFE{1=0CI CHAR,Z=PHOS ACID, CTHER #=NONE}
24 C DOONT=CONT LIQUID DEMNSITY {GM/CC)
25 VHMOL=CONT MOLAR VOL (GHM/CC}
26 O MW=CCNT MOLECULAR WGT
27 C VOONC=CONT VAPOR CONCEMNTRATION AT TCABIN (MG/CU M)
28 C SOL=COWNTAMINANT HENEY'S LAW CONSTANT (ATH/MOL FRACTION}
29 LME=CUM OF CONT MASS STORED IN BEDIMG) -FROM LAST INCE
30 C
31 REAL, LFREV, LAVM1, LUTIL, LIMM, LAVAY, LADS,MW
32 INTESER FaCIDh, FCI
i
34 C SET CIN=CIIN (THIS PREVENTS CIN FROM BEING PASSED BACYK UF
35 C TD OTHER SUBROUTINES IF IT IS SET T LE-2Q)
36 CIN=CIIN
37
38 EED TREATMEMNT LOEIC
39 C FACID=FLAG IF BED IS TREATED WITH PHOSPHORIC ACID (Y=1 N=0}
479 C FOI=FLAS FOR ©I CHAE IN BED (REMCWVES FORMALDAHYLE)
41 IF (MINT(TRTTYF),ED,2) THEN
42 FACTD=1
43 FCI=0
44 ELSEIF [(NINT{TRTTYF).EJ.1) THEM
45 FACTID=(
45 FCI=1
47 ELEE
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48 FACID=0

4% FCT=0

50 ENDIF

5l ©

R2 C TEST FOR NO BED FLOW({BEDO=<{) OR TN-TN1-=0;BEDL,BEDDIA, DENCH={
53 IF{(BED}.LE. () .OR, (TN-TN1.LE. Q) .OR, (CARTL.LE.{} .OR. (BEDCD.LE. 0}
Gd +,.0FR, {(DENCH.LE. )] THEN

55 EFF=0

S6 GOTO 199

57 EMNOIF

SR TEST FOR T CHARCOAL AND FOEMALDEHYDE (FCI=1 AMND MW=30.03)
59 IF( (MW, EQ.30.03Y . AND.{FCI . EQ.1) ) THEN

6 CALL RCICH (EFF, EMAY, CARTL,BEDOD, BEDID, DENCH, SME, BEDO }
Gl SOTO 19%

a2 EMDIF

£33 C

&4 C TEST FOR AMMONIA AND PHOS ACID ONM CHAR{FACID=1 AND MW=17.0 I
£5 IF ((MW.EQ.17.0).AND. {FACID.EQ.1)) THEN

56 CALI. RACCH | EFF,EMAY, CARTL,BEDOD, BEDID, DENCH, SMR)

&7 SOT 199

a8 ENDTF

RS C

700 TEST FOR MOL VOL=0 (NO CHAR REMOVAL)

71 IF {VMOL.EQ.D} THEN

72 EFF=10

73 GOTO 199

74 ENDIF

75 C

76 CHARCOLRL REMOVAL EFFICIEMNCY CALCULATION

T C BEED LENGTH (M) -AGSUMES THIN BED

T8 REDL= { BEDOD-EBEDID) /2

T4 IF {BEDL.LT.0} BEDL=(

g C BED WGET (F{3)

El BEDWGT=DENCH* , 7TE5* {BEDOD**2 -BEDID**2 | *CARTL

82 C SUFERFI{CIAL BED VEL{(FT/MIN)

g3 BEDVEL=BED(*.03458/ [ {BEDOD+BEDIL) *CARTL)

A4 C TEST FOR CIN TOO SMALL IN AVAL CALC

B85 IF (CIN.LT.l1E-Z0} CIN=lE-Z0{

Be AVAL= (TCABIN/VHMOL} *LOGLD {VOOND /CIN)

BY C ADRS ZOME LEMGTH FOE S0% REMOVAL (M)

28 LADS=AVAL*.J00275* (BEDVEL/1.31**_ 8

BG C GET QI{CC LIO CONT/GM CHAR)

S0 CALL FOI(AVAL,OI,FACID, SOL)

91 C LENGTH OF BED PREVIOUSLY USED BY CONT AT THIS C INLET (M)
92 LPREV=SME*1l . 0E-6*COEXIS*BEDL/ (DCONT*BEDWGT*T)

93 C EATE OF BED USAGE (M BED/ MG CCONT)

L | LIMM=1.0E-6*COEXIS*EBEDL,/ {DCONT*BEDWGET*1 }

95 LENGTH OF BED AVAILABLE FOR ADS ZONE AT BEGINNING OF INCR (M)

26 LAVN]1=EEDL-LFEEV
47 IF (LAVNL.LT.{) LAVN1=O
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a8

G4
100
101
102
103
14
105
106
107
198
108
1148
111
112
113
114
115
116
117
1158
11%
120
121
122
123
124
125
126
127
128
129
134
131
132
153
154
135

i

FIX HERE IF DESORPTION IS DESIRED

IF (LAVH1/LADS.GT. 200 THEN
EFFAV=EMAX

ELSE

INIT IMNCE EFF BASED OM C IN AMND BED L AVAIL AT BEG OF INCR{DEC}

EFAVI]1=EMAX* (1-EXF (-2 . 3025851 *LAaVNl /Lals) )
LOOF FOR EFFICIEMNTY
EFFAV=EFAVN]1
Do 386 J1=1,140,1
LEMGTH OF BED UTILIZ IN INCE (M)
LUOTIL=CTWN*BEDG*EFFAV* (THN-THL} *LIMM
IF (LUOTIL.GT.LAVN]1) THEHN
GOTO 25%
ELSE
AVERAGE BED LEMGTH AVAIL (M}
LAVAV=LAVN1-LUTIL/ 2
IF ((LAVAV/LADS:.GE.20) THEN

EFFAV=EMAX
GOTO 299
ELSE

AV EFF BASED ON AV BED L AVAIL {DEC)
EFFAV=EMAX* [1-EXP{-2 . 302851 *LAVAYV/LATS) )

EMDIF

ENDIF
3959 COMNTINUE
269 TNDIF

MAX EFF BASED ON € IN AND RATE OF EED UZAGE (DEC)

EFFMAX=LAVNL/ (CIN*BEDQ* (TM-THL) *LIMM
IF (EFFAV.GT.EFFMAX! EFFAV=EFFMAX

IF (EFFAV.,LT.D) EFFAV=0

IF (EFFAV.GT.EMAY! EFFAV-=-EMAI

EFF=ACTUAL EFF OUTPUT FROM SUBROUTINE
EFF=EFFAV

REMOVE THIS CHECK IF LDESORPTION IS ADDED

1%% IF (EFF.LT.0) EFF=0

IF (EFF.GT.EMAX]} EFF=EMAX
RETTIEN
END

NIMEER OF WARNINGS IN PROGRAM UNIT: 0
NUOMBEE {OF ERRORES IN PROGEAM UNIT: O

136
127
1238
139
140
141
142
143

3y

1)

PR EEFEPEFFETEFETEEREREERERESEEEEASAES SRR SRR SRS RR S 0 FF XN R K S &)

* SUBROUTINE RACCH - CALOULATES REMOVAL EFF w
* BED WITH NH3Y AND .2 MILLIMOLE H3PO4 ON CHAR *
I E X E X EEEFEEEE R ERE IR L AR RS EERESEEREEREEEREREERRESR EXE LEJXERESEJXEJREJR)
SUBROUTINE RACCH{EFF,EMAX,CARTL, BEDOD, BEDID, DEMCH, SMR
OUTPUTS

EFF=CUTPUT REMOVAL EFF (DEC)
INFUTS

|43




144 EMAX=-MAXIMUM BED EEMIWVAL EFF (DEC)

145 C CARTL=CARTRIDGE LENGTH (M}

1d& C BEDOL=EED QUTSIDE DIAMETER {M)

147 ¢ EELID=BED INSIDE DIAMETER (M)

145 C DENCH=CHARCOAT, DENSITY (KG/CUJ M)

148 C SME=5TM OF MASE OF CONT REMOVED AT BEG OF INCH {MG)
150 C

1531 C CHAR USED {KG)

152 CHRUZD=9,61E-6*5MR

153 € CHAR BED WGT{EG)

154 EEDCWGT=CARTL* {BEDOD**2-BEDID**2 ) * .| 735*DENCH
155 IF (CHROSD,LT.{.B*BEDWGT! THEN

156 EFF=EMAX

157 ELSE

158 EFF=EMAX* 3TN (BEDWGT-CHRUSD) *1. 57/ {BEDWGT*( .2} |
154 ENLIIF

160 C FEEVENTS NEGATIVE EFF FOF. REACTICN

161 C IF (EFF.LT.0} EFF=0{

162 IF (EFF.GT.EMAX}) EFF=EMAX

163 RETURN

164 EMND

NUMEEE. OF WARNINGS IN PROGRAM UNIT: O
NUMBEE OF EERORS IN PROGRAM UNIT; (O

185 L E R R ERREEE SR EE SRR EEEERE N EIE BRI R o R R e T R A A R )
166 C * SUBRCUTIME RCICH - CALCULATES REMOVAL EFF ¥
167 C w FOR PFPOEMALDELYDE AND CI CHAR RBED *
153 C A R EREEREEEEREEEEEEEEEEEEREREIE I R i R R i i R g e
165 SUBROUTINE RCICH{EFF, EMAaX, CARTL, BEDOD,BEDID, DENCH, SMR, BEDQ!
170 C OUTPUTS

171 ¢ EFF=0UTPUT REMOVAL EFF {DEC)

172 C INPUTS

173 C EMAN="MALIMIMM BED REMCVAL EFF {DEC}

174 ¢ CARTL=CARTEIDGE LEMGTH (M)

175 C BEEDCD=BRED CUTSIDE DIAMETER (M)

176 C BEDID=RED INSIDE DIAMETER {M})

177 C DENCH=CHARCOAL DENSITY (KG/CU M}

178 C SME=STUM OF MASS OF CONT REMOVED AT BEG OF INCRE (MG
179 C BET}=BED FLOW RATE {CU M/HR}

1820 C

181 BEDWGT=CARTL* (BEDCD**Z~-BEDID**2 ) * 785 *[IENCH

182 C FERCENT OF BED WEIGHT CCOMNSUMED (DEC)

183 PBWGT=5ME./ {BEDWGT*LEG )

154 IF (PBWGT.LT. . 0012} THEN

1EBS EFF=1-PBWGT*53.3

18¢& ELSE

187 EFF=,9*COS (PEWGT*1.57 /.05

1E4 EMNDIF

189 ¢ BED' RESIDENCE TIME ({(SEC)
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140
151
152
1593
134
195
156
1597
158

NUMEBER
NUMEBER
NITMBEE
NUMEBER

EREZT=(BEDOD-BEDID} *CARTL®* (BEDCD4+REDID) *3E00/ (BECO*1.273)
IF{BREST.LT.0.25} THEN

EFF=EFF*EREST/. 25

EMDIF

PREVENTZ NEGATIVE EFF FOR REACTIOR]

IF {EFF.LT.{) EFF={

IF (EFF
RETTIEN
ENL:

OF WARNINGS
OF ERRORS
OF WARNTINGS
(JF ERRORS

ST .EMAR]

IN FROGRAM UNIT:
IN PROGRAM UNIT:

1IN COMPILATION

IN COMPITATION -

EFF=EMALX
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RM/FORTRAN Compiler (VZ2,42)

.
-

source File: C:\BMFORTWTCCA\REGEN.F Opticns: /C 80 /L /BY D5/21/92 13:00:29
1C A A AL LR R EE R RS ERERERLREREEREREERLDEEELEEELEERZJR.E I e g R 1
2 * EEGENERATION SUBROUTINE-EEGEN
3 * FOR ALL BEDS (3-15) DETERMINES IF BED IS T BE REGENERATED *
4 C * AT BEGIMNING OF TIME INCREMENT, AND IF BEGENERATICN IS TO *
5 C * DURING THE ENTIRE TIME INCREMEWNT- IF THE BED IS TO BE *
& C * REGEMERATED THE MAZZEZ STORED ARE SET TO ZERQ, AMND IF *
T C * REGENERATICN IS5 T OCCUR THROUGHOUT THE TIME INCREMENT THE ul
LA * BED FLOW RATE IS5 SET TO ZERC; QTHERWISE IT IS SET TO THE *
4 * CLhIGINAL VALUE ¥

10 C L R R R R R R o R IR IR T R R T R R e T AR g
11 SUERCUTINE REGEN (TN, THN1,DD, NROW,NCOL, CC,NEOWL, NCOL1,
12 +CDI , NROWE , NCOL2 , LIN, LINZ , IMSGDH)
13 INTEGER NROW,MNCOL,NROW1, NCOLL, NRECW2 , NOOL2
14 EEAT DL (WNROW, NOOL
15 EEAT, CO(NROWL, NCCOL1}
1% REAL CDI (NROW2 ,HNCOL2)
17
18 ¢ NOTE: BEFORE RUMNNING THIS SUEBROUTINE THE ORIGINAL FLOW RATES FROM
19 O MAT DO COL 2 MUST BE SAVED IN MAT DD COL 7- AT THE END OF THE
a0 C TIME INCREMEMT THEY MUST EE RESTORED TOQ COL 2
21 ¢ DIRECT INPUTS;
22 O THN=INCREMENT END TIME (HRS); TWN1=INCE BEGINNIMNG TIME HES
23 C G0, NROW, NCOL=NAME ANL SIZE QF MAT 0D
24 CC, NECW] , NCOL1=NAME AND SIZE QF MAT O
25 C CDI, NROWZ , NCOLZ=NAME AND SIZE OF MAT CDI
26 LIN=MNO. OF CONT IN MAT DT
27 C LINZ=NO. OF DEVICES IN MAT DD
2K
2% © COTHER INPUTS FEOM MAT DD
30 C TIR=INITIAL {FIRST) BEEGENERATION TIME [(HRS)
3l C TECI=REGEN/CHANGEOUIT INTERVAL (HES}
3z C TED=FEGENERATION DURATICH (HRS}
33 C LDEVICE NG., TYFE, FLOW ERATE, ETC
34
3% C QUTPUTS:
36 O A)IF REGENERATION OQOCCURS AT THE BEGINMING OF ANY TIME INCEEMENT
37 C 1) FOR RANY DEVICE WHICH IS A CHARCOAL BED
3g C FOR ALL COMNT 1 TC LIM IT PUTS SUM MASS REM={ IN MAT OO
38 C COL 12,15,18....48 A5 APPROPRIATE FOR THAT DEVICE
40 ¢ 2)FOR ANY LEVICE WHICH I2 A LIOH BED
41 C 1T DOES 1) ABOVE, AND IN ADDITICH PUTS SUM MASS BEM=0 IN
43 O MAT DD COL 16 FOR THAT DEVICE
43 C B)IF REGEWNERATION IS COCURRING THROUGHOUT THE WHOLE INTERVAL
dd IT SETS @ OF DEVICE=0; IF REGEMNERATICN IS MOT OCCURRING, IT
45 C SETE O=THE ORIGIMNAI VALUE
46 C
L

SUBROUTINES REQUIRED:
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48
44
50
51
nd
=3
54
oo
=T
57
58
54
ol
61
G2
63
B4
G5
BE&
&7
68
&9
70
71
T2
73
T4
L=
T
T
Kk
7Y
Bl
g1
g2
B3
24
85
B&
87
HE
29
a0
41
42
a3
94
a5
9&
97

S RN

1y

REGCHz

START LOOP FOR ALL DEVICES 3 TO 15
0o 103 J=3,LINZ

IF DEVICE DOES MNOT EQUAL CHARCOAL OFR LIOH THEN GO TS END OF LOOP

IF(DD{T, 3} . NE.3,BND,DO{.J,3) .NE.4.AND.DD{J, 3) .NE.5}) GOTO 100

ASSTGN PROPEERE VARTAERLES FOR DEVICE

DEVICE = CHARCOAL

IF(DD{.J,3}.EQ.3.CR.DD(J,3}.E0.4] THEMN
REEGENERATTION /CHANGEDUT INTERVAL (HRS}
TRCI=DD{T, 15}
REGENERATION DURATION (HES!
TRD=DD{J, 1&]
INITIAL{FIRST) RESGENERATICON
TILE=DD{J, 14

EMNIOHTE

DEVICE = LIOH

IF(DD(J,3}.EQ.5) THEN
REGENERATICON/CHANGECUT IWNTERVAL (HRZ)
TRCI=DD¢J, 14}
REGENERATION DURATION (HES)
TRD={}
INITIAL{FIRST} REGENERATION
TIR=DD{.J,13)

ENDITF

CHECK AND FIX INPUT AS REQ + PRINT WARNINGS
TIME INCREMENT (HRES]
TINC=DD{1,11}
INITIAL TIME MNOT EQUAL TO MULTIPLE OF TIME IMNOCREMENT
IF{AINT{TIR/TINC) .NE, (TTR/TINC!} THEN
TIR=ATNT (TIR/TINCY *TIN
OPEN{ IMSGDN, FILE="CON' , IOSTAT=IC0VAL)
WRITE{IMSGON, *) ' INCREMENT BEGINMIMG TIME ', TNIL,
+'DEV NO. ', (T
WRITE (IMSGDN, *} *INITIAL TIME HOT = MULTIFLE OF TIME
+ INCREMENT®
WERITE (IMSGDN, *) *TRUNCATED TO ' ,TIR
CLOSE { IMSGDN )
ENDIF

RECGEN/CHGOUT INTERVAL « TIME INCE OR MNOT= MUOLTIPLE OF TIME INCR
IF(AINT{TRCI/TINC) .NE, {(TRCI/TINC) ] THEN
TRCI=AINT{TRCI/TINC) *TINC
OPEN { IMSGON, FILE="'CON' , IOSTAT=ICVAL)
WRITE(IMSGDM, *) ' INCREMENT BEGINMING TIME ', THL,
+'DEY MO, ", ()
WEITE{IM5GOMN, *) 'REGEN/CHG TIME NOT = MULTIFLE OF TIME
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a8 + INCREMENT®

99 WRITE{IMIGON, *} ' TRUNCATED TO ', TRCI
190 CLOSE{ IMSGON)
101 ENDIF
102
143 ¢ IF REGEN/CHGOUT INTERVAL <=  THEN GOTO EMD OF LOOF FOR CONT
104 IF (TRCILLE.O} THEN
105 GOTO 160
106 ENDIF
1907
108 ¢ REGEN DURATICON < OR MNOT = MULTIFLE OF TIME INCREMENT
109 IF(AINT{TRD/TINC) .NE. {(TED/TINC} THEM
110 TELD=AINT |TRD/TINC) *TING
111 QPEN(IMSGDN, FILE="CON' , IOSTAT=T1OVAL)
112 WRITE{IMZGDN, *} ' INCREMENT BEGIMNING TIME ', TN1,
113 +'DEV MO, {TJ}
114 WRITE{IMZGDN, *) 'EEG DURATION MOT = MULTIFLE OF TIME
115 + IMNCREMENT'
116 WRITE {IMSGIN, *) ' TRUNCATED TC ', TRD
117 CLOSE { IMSGIN )
118 EMNDIF
1159
120 < REGENERATICON DURATION > REGEN/CHG INTERVAL
121 IF{TRD.CT.TRCI} THEN
122 TRD=TRCT
123 OPEMN{ IMSGDN, FILE="CON', IOSTAT=TOVAL)
124 WRITE(IMSGDN, *] ' INCREMENT BEGINMNING TIME ', TN1,
125 +'DEV NO. ', LJ)
126 WEITE { IMSGOM, *} 'REGEN DURATION > REGEN/CHC INTERVAL®
127 WRITE { IMSGDN, * ) "TRUNCATED T ', TED
128 CLOSE { TMSGTN
129 ENDIF
130
131 ¢ CHECK TC SEE IF REGENERATION OCCURS AT REGINNING OF TIME INCE,
132 ¢ AND IF REGEN OCCURS THROUGHOUT WHOLE TIME INCREMENT
133
134 CALL REGCHG(TN1, TRCI,TRD, TIR, TINC, IRBFLS, IRTFLGY
135 ¢ REGENERATICON CCCURS AT BESIMNNING OF INCREMENT
136 IF (IEBFLG.ES.1} THEN
137 © FUT SUM MASS EEM =0 IN MAT OC FOR THIS DEVICE
13g C START LOOF FOR ALL CONT FOR THIS DEVICE
13% K=J*343
140 DO 101 I=1,LINM
141 CCI{I,Kl=0
142 101 CONTINIE
143
144 C IF DEVICE = LIOH BED PUT SUM MASS=0 IN DD(J,18)
14% IF (DD{J,3}.EQ.5) THEN
144 DT, 16) =0
147 ENCIF
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148
1443
150
151
152
153
154
15E
156
157
158
155
160
161
162
163

-

MIUMBER
NUMBER

164
165
LGE
167
168
LES
170
171
172
173
174
175
1786
177
178
179
180
181
182
143
184
185
186
187
1838
1849
13
1%1
152
193

L SR v I A T A A S - I o T R T i O O I I

EMOTF

EEGENERATION OCCURS THEOUSHOUT ENTIRE INCREMENT
IF (IRTFLG.ED. 1] THEN
SET DEVICE Q=0
no{g, 21 =0
ELSE
S5ET DEVICE Q= ORIGINAL VALUE
DDiJ,2y=D0DiJ, 7!}
ENDIF

END OF J LOOF FOR EACH DEVICE
140 CONTINUE

RETTUIRN
EMD

OF WARNINGS IN PROGRAM THNIT: [
OF ERRORS IMN PROGEAM TINIT: O

LR B R RS EEFEERESREER AR RR SRR REEEREEEEEEEERERRE R EEERESREEEEE'EE-S.5EEEREEREREE"

ol AUXILIARY REGENERATION SUBRCOUTINE-REGCHG #
*  DETERMINES IF REGEN/CHANGECUT IS5 TO OOCUURE AT EEGINMING OF *
*  TIME IMNCREMEMT-ALSC DETEEMIMES IF REGENERATION IS CCCUBRRING *
*  THRMIGHOUT THE TIME INCREMENT *

LA AR AR R R RS AR R R B E R SRR R AR EE RS RS E R R R RN KR R KRR

SUBRCUTINE REGCHG (TMN1, TRCI,. TED, TIE., TINC, IRBFL{G, IRTFLG}

IHFPIITS .
THNL=TIMCEEMENT IMNITIAL TIME {HES)
TRECI=CHANGECUT /REEGENERATION INWNTERWVAL (HEE)
TRO=FEGEMNERATICN DURATION (HRS)
TIR=INITIAL {FIRST; REGEMERATION TIME (HES)
TINC=TIME INCREMENT (HEES}

COTPUTS :
REGEMERATION OQCCUES AT BEGINMNING OF TIME INCREMEMT (¥ OR NI
{IFEEFLG=]1 FOR ¥ & 0 FOR M)
REGENERATTION IS COCCURRIMG THROUGHOUT THE WHOLE INCEEMEMT (Y OR M)
(IRTFLG=1 FOR ¥ & ( FCR M)

REGENERATION OCCURZS AT BEGINNING OF TIME INCREMERT

IF {THML.EQ.O0Y QGOTO 10
IF{TH1.LT,TIR] SOTO 18
IF({TRCI.LE.0} GOTO 10
IF{AINT!{ {TNLl-TIK; /TRCI} .EQ. ( {(TN1-TIR} /TRCI) ! THEN
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154 C REGENERPATION (OCCURS

195 IFBFLiz=1

1985 GO TO 26

197 ENDIF

193 C NGO REGENERATION (KICURS

199 010 IRBFLG=(
204 LZ0 CCNTINUE

201

202 o REGENERATION CCCURRING THROUGHOUT ENTIRE TIME IMNCOREMENT
203

204 IF{TRCI.LE.Q} GOTD 30

205 IF{{TRL.LE.¢) .OR. {TN1.LT.TIR)) GOTO 30

206 IF{THNl.GE.ATNT{ (TN1-TIR} /TRCI) *TRCI+TIR+TRD} THEN
207 GOTO 30

208 ELSE

209 ¢ REGENEREATICN OCCURS

210 IRTFLG=1

211 GOTO 40

212 ENDIF

213

214 © REGEN DOESN'T OCCUER

215 023 IRTFLG=0

216

217 040 CONTINUE

218 EETTIEH

2149 EMND

NUMBER OF WARNINGS IN PROGEAM UMIT: 0
MUMEER OF ERRCRS IN PROGRAM UNIT: O
NUMBER OF WARNINGS IN COMPILATION : 0
NUMEEER OF EBERCES IN COMPILATION : O
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EM/FORTRAN Comgpiler (V2.42)

Socurce File: C:\RMFORT\WTCOMNRINCDD, Options: /C 80 /L /BY DE/21/92 13:00:48
l |:' LE B R R R R R R R R R o B I B B L
2 0 * SUBROUTINE RINCDD *
3C * SUBROUTINE T QPERATE ON INCREMENT DEFEMDENT DATA *
d *  REANS DATA FECM MAT TT AND PUT IT IN THE FROPER PLACES 1M *
EC * MAT DI OFR MAT DD - USED AT THE BEGINNIMG OF EACH TIME INCER  *
E |:'_" It F R AR A EE R R EE N EEREEEEEEEEEREEEEESEEEEEEEEEERERENE LSS EERENRE-EEESNZH:RSEEERERE,]
i
B SUBROUTINE RINCLL (I, TN, THN1,DD, NROW, NOOL, LINZ,

o +CC , NROWL , NCOL1 , CDI, NEOW2 , XCOL2 , LIN, TT, NT'TRCW, NTTCOL, LINL
10 INTEGEER NROW, NCOL, NEOWL , NOCL 1, NEOWZ , NCOL2 , WTTROW, NTTCOL
Ll REAL DDUIMEOW, MCOL)

12 REAL CCI(MNEOWL , NCOL1)

13 REAL CDI (NROW2 ,HCOL2}

14 REAL, TT (NTTROW, NTTCOL )

15

16 ¢ SUBROUTIMES REQUIRED:

17 C NCHE

18 C DD, NECW, NCOL, LIN2 =HAME,DIM & NO DEV IN MAT ID
14 ¢ CC,HNROWL, NCCOL1I=NAME & DIM OF MAT CC

20 C CDI,NROW2 ,NCOL, LIN=NAME, DIM & NO COMT IN MAT CDI
21 C TT,NTTEOW, NTTCOL, LTN]1 =NAME, DTM & NO ITEMS IN MAT TT
22

23 IF [LIN1.EQ.0) GOTO S99%

24 BEGIN LOOP FORE ALL LINES IN MAT TT

25 oo 100 K=1,LIN1

26

27 O CHECE FOR TIME »= TN1 AND « TN

258 TF((TT(K,1) . LT, THN1} .OR., {(TT(K, 1) .GE.TN) 1 THEN

29 GO TO 109

30 EMDIF

il

32 IDENTIFY VARIABLES

33 ICCHTN=NINT {TT(E,2)]

4 GEMET=TT (K, K6 1)

35 TDEVHO=NINT (TT{K, 4]}

ENs) DEVQ=TT (K, 5]

37 TCOLMO=TT{K, ]

38 VAL=TT (K, T

15

40 C TCONTHN=ILNTEGER CONTAMIMNANT NO, - TTIK,2!

41 & GENET=CONT GEMERATICHN RATE {MGZ/HR) - TTI(E, 3

42 IDEVNO=TNTEGER DEVICE NUMEER - TT(E,4]

43 DEVO=DEVICE FLOW RATE (U M/HR) - TTI(E,5)

44 ICOLNO=INTEGER COLUMN NUMEEER IN MAT T - TT(¥,A)
45 O VAL=NEW VALUE IN MAT DD - TTI(E,7)

46

47 ¢ CASE NO. 1 - CHANGE CONTAMINANT GENERATIOMN RATE
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48
44
50
51
5a
53
54
55
56
57
58
Gl
&0
&1
62
&3
&4
65
66
&7
£8
&4
70
11 C
72
73
74
75
76

(02103

TF{{ICONTN.GT.Q} ,AND, {ICONTN.LE.LIN}} THEM
IF{IDEVNC.EQ.1; THEN
CDI{ICOMTH, 1] =GENRT
ELSEIF ({IDEVNO.GE.3).AND. {IDEVIEK).LE.LINZ2}} THEM
COI { ICONTH, (7+I0EVND) | =CENRT
ENDIF
GOTO 100
ENDIF

CASE 2 - CHANGE DEVICE FLOW OR OTHER DD DATA

THIS CASE WORKS CHLY IF ANY CONT NGO, «<=(

MUST USE -1 FOR ANY O OR NEW VALUE MNOT TO BE CHANGED

MAT DD COL NO, <( ALSGC STOPS NEW VALUE FROM BEING CHANGED

IF{ICONTHN.LE.O) THEN
IF I (IDEVNO,GE. 1) .AND, (IDEVMNG.LE.LINZ) ) THEN
IFILEVS.CE Q) THEN
CHANGE DEVICE FLOW IN MAT DD
OO ( IDEVIG, 2 ) =DEVD
ENDIF
IF{(ICOLNG.GE.1) (AND. (TCOLNG,.LE,16Y) THENM
IF {(VAL.GE.{) THEN
CHANGE VALUE IN MAT DD
DI IDEVND, IC0LNO) =VAL
ENDIF
ENDIF
ENDIF
EMDIF

77 130 CONTINUE
T8 98% RETURN

79

END

NUMBEE OF WARNIMGS IN PROGRAM TINIT:

HNUMBER OF

ERRORS IN PROGRAM UNIT:

¥
0
NUMBER OF WARNIMNGS IN COMPILATION : O
HUMBER OF ERRORS IN COMPILATION ; 0O
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FM/FORTRAN Compiler (VZ2.42)

Source Filea: C:\BMFORT\TCCA\ERIMN.FO Options: /0 80 /L /BY g5/21/92 13:00:57
1 ¢ *****i****#**tttttti*##tttttt***iitttttii!******t*t*it*******ttttt
2 0 * SUBROUTINE REIN *
3 C * SUBROUTINE TC READ REAL DATA INTO MAT XX (ROW,COL) *
4 * RETUENS NUMEBER OF LINES OF DATA EEAD FROM FILE ol
S C bl FEEADS FROM COL 1 TO COL LSTCOL *
5 C tt!***t*t************1*:****#****ﬁt******ttttwt****#i***ttttt*****
F NOTE: INPUT NUMBERS MUST EE SEFARATED BY BLANES
3] SUBROUTINE RRIN{XX,NROW,NCOL, LSTCOL, LTN}
9 INTEGER NROW, NCOL, IOVAL, LSTCOL, LIN
10 CHAFACTER FHALME*Z24
11 REAT, XX {MNROW, NCOL)
12 IF{LSTCOL.GT.NCOL) LSTCOL=NCOL
13 010 BEADL(*,'{A)') FNAME
14 QFEN (1, FILE=FNAME, STATUS="'0LL" , IOSTAT=TOVAL)
15 IF{ICOVAL.NE.Q} GOTO %00
1& LIN=0
17 o 100 I=1,HMROW
18 READ(L, *, IOSTAT=ICWAL,END=500, ERR=5300 } (XX(I,J),J=l1,LSTCOL)
19 LIN=LIN+1
20 140 CONTINUE
21 500 WRITE(*,'{A)'} ' DONE WITH FILE INBUT®
22 WRITE (»,*} +
23 CLOSE (1}
24 GOTS 990
25 900 WRITE(*,*) ICERRCOR= ', IOVAL
26 CLOSE (1)
27 WRITE(*,*) 'WHAT IS THE INPUT FILE MNAME?
28 GOTS 10
259 940 RETURN
30 i kR A I A AF R R R BN OF SUERGUTINE EETN ®e®d¥ddhdkkerh vkt edtkirk
31 END
WUMBER OF WARMNINGS IN FROGRAM UNIT: 0
MUMBEE OF ERRORS IN PROGRAM TUNIT: O
NUMBER OF WARNINGS IN COMPILATION : O
NUMEER OF ERFORS IN COMPILATION : O
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FM/FORTEAN Compiler (V2,42

Solroe

b ped e et e et
P W o R e R 3 I S R B ol T N R, [, O I T O PR N,
FEGEEEEE PN RSN I o T O A e B

dad Lad Lad dad B 3 B B B2 B BT B B R
fad B WD o ] O e bt b e

Lot dad Lad Ll
~1 e LN e

P L g
[l o ¥ 0]

NIMEBER
NTMEETR
MUIMBER
NLUMBER

134

File: C:\RMFORT\TCC\RROUT.¥ Options: /C 80 /L /BY 05/21/92 13:01:03
R N e R R L E R R R R R E R R R R R R R T L ko o e e A L g L e o
* SUBEOUTINE EROOT *
* SUBROUTINE TO WRITE DATA TO CONSOLE, OR PRIMNTER *
v WEITES REAL DATA FROM MAT XX {ROW, COL) *
* WRITES FROM FIETCOL TO LIETCOL *

IR R RS LR L EELEEEEEEREREEREEEEEERERESEEER S SRR S ENEENERESENNETREEENTEESENEIEIREE)

SUBROUTINE RROUT { XX NROW, NOOL, FSTCOL, LSTCOL, LIN, IMSGDN, FNAME,
+ IDEVNO, IOVAL)
INTEGER MEROW, NCOL, IOVAL, FSTCOL, LETCOL, LIN, IDEVNG
CHARACTER FHNAME*Zd4,DES*1
REAT, XX {NROW,NCOL)
IF (FSTCOL.GT.NCOLY FESTCOL=NCOL
IF (LESTCOL.GT.NCGLY LETOOL=N0L
IF (FSTCOL.GT.LSTCOL) FeSTCoL=LETCOL
Q10 OPEN{IMSGDN, FILE="'CON' , IOSTAT=I0OVAL}
WRITE{IMSGDN, '(A)') ' WRITE T3 LPT]1 OF OON OR END  °
CLOSE { TMSGDN )
READ{*, " [(A' ') FNAME
QUIT IF FMAME=EMND
IF{FNAME.EQ. 'END'} 3070 950
IF{{FHAME . NE. 'LPT1'}) ,AND, (FNAME.MNE. "CON' ) ) GOTO 10
OPEN{],FILE=FNAME, IOSTAT=IOVAL)
IF (IOVAL.NE.DY GOTO 9400
Do 110 I=1,LIN
WRITE(1,70, IOBTAT=TOVAL , EFR=900} (XX(I,J)],J=FSTCOL,LSTCOL)
WRITE (IDEVNO, 749, IOSTAT=I0VAL, ERR=%00) {¥X¥I(I,J).J=FSTCOL,LSTCOL]
Q78 FORMAT (LK, 7311.4)
WERITE(1l,*, IOSTAT=ICVAL, ERR=900)
WRITE(IDEVNG, *, IOSTAT=1OVAL, ERR=900)
119 CONTINUE
CLOSE (1)
GOTO 490
340 QOPEN{IMSGDN, FILE=s'CON', IOSTAT=TOVAL)
WRITE (IMSGDN, *) ' IQOERROR= ', IOVAL
CLOSE { IMSGDN
CLOSE (13
CLOSE {IDEVIOD)
SOTO 10
990 RETURH
kit hrhhikxoritx EHD GF SUBHDUTINE HHDUT WOW T TR MW M MY Ok W W W d okl A e e
ENL

CF WABNIMNGE IN PEOGEAM TUUNIT:
OF ERRCES IN PROGRAM UNIT:
OF WABRNINGS IN COMPILATION :
OF ERBCES IN COMPILATION

fo: B v o




RM/FORTRAN Compiler (V2.42)

Source File: C:A\BMFORTA\WTCCARROUTZ., Opticns: /C 80 7L /BY O5/21/92 13:01:08
1 C LA e R B R AR AR AR EEREEEELESEEEELEESEREEEEREE AR EEEEEEERSERREZEE & BN RN R U
2 * SUBROUTINE RROUTZ *
i * SUBROUTINE TC WRITE DATA TO COMSOLE, OR FRINTER ¥
4 C * WRITES REAT, DATA FREOM MAT XX (RCW, COLY *
5 C * WRITES FROM FSTCOL TO LSTCOL *
5 C AR TR R ERAAFTR A EF R Attt d T kA R A A AT A AT A A EE RN NN A A A IR T A AT A E TR E K
7 SUBROUTINE RROUTZ {¥X,NROW,NCCL, FSTCOL, LETCOL, LIN, IMSGDN)

3 INTEGER MROW,NCOL, TOVAL, FETCOL, LSTOOL, LIN, IDEVND
2 CHARAOTER FNAME*Z24 ,DES*1
10 REAL XX {NEROW,NCOL}
11 IF {FSTCOL.GT.NCOL! FSTCOL=NCOL
12 IF {LETCOL,GT.NCOL) LSTCOL=NCOL
13 IF {FSTCOL.GT.LSTOOLY FSTCOL=LSTCCL
14 {010 CPEM{IMSGDN, FILE="'CON' , IOSTAT=ICVAL)
15 WRITE(IMSGDM, *{A} "} ' WRITE TO LPT1 OR CON OFE EWMD
16 CLOSE { IMSGOM}
17 READ(*,* (A) ') FNAME
18 QUIT IF FHAME=END
19 IF{FNAME.EQ. 'END') GOTO G50
20 IF ({FNAME,.NE, 'LPT1') .AND, (FNAME.NE. *CON' )} GSOTO 10
pal QOFEM (1, FILE=FMNAME, IOSTAT=ICVAL)
22 IF{IOVAL.NE.O) GOTO 404
23 O 110 I=1,LIN
24 WEITE(1l,70,ICSTAT=ICVAL, ERR=300) (XX{I,J!,J=FSTCCL, LSTCOL)
25 077G FORMAT (11X, 7311l.4)
26 WRITE(l, *, ICSTAT=ICVAL , ERR=40{
27 11} CONTINUE
28 CLOSE (1}
29 GOTO 490
30 900 OPEM{IMSGDN, FILE='CON' , IOSTAT=TCVAL]
31 WRITE{IM2GOM, *) ' IOERROR= ‘', IOVAL
32 CLEE { IMSGDN)
33 CLOSE (1)
34 GOTO 10
35 GO RETURMN
35 .|: HhkhkhkEdbdkhkdhwh EN‘D DF SUBR{]UTINE HRDUT PR EEREE FEEREE S EEEEREEEEEEE"'E"'
37 ENL

MNUMBEER OF WARNINGS IN PROGRAM TMIT:
NUMBEFR OF EERERORS TN PROGEAM TTHIT
NUMBEE OF WARNINGS IN COMPILATION
MUMEER OF ERREORS IN COMPILATION

+h

e
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RM/FORTRAN Compiler (VZ.423)

Source Filo:

W LB =] LA e B2

el P s P e e Gl L Gad Lad Lad Gk Led Lad L Lo BB B3 B BO B B B B B b L ek e ek ek e
B T T T I o R o T o T R I I O O RS o I T R e O T OO P LN R T I RS I A Y Y ) e
! 0 ] 1 eEREFERES’ Mo o e T O O O s Bl L
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Cr{> 00}

3

CAEMFORTATCCASLIOH.F Opticons: /C 80 /L /BY 05/21/92 13:01:15%

LB R AR E RN EERAIRRALERRELIEEEEEEEEEEREREEE R EREEREREEEERREEEREREEEERESE S LR,

* SUBROUTINE-SLICH *
* SUM LIOH USED IN TIME INCREMENT FOR EACH BED OMNE AT A TIME ¥
¥ AND FOR ALL CONTAMINANTS FOR EACH EED *

LA R ERERE AN L ERNEERRERLEEEREFELZEEJEREEEERBEEREREEEREESE EEEEEREREEEEEFEREEEEEEEER

SUEROUTINE SLIOH (TN, TH1,DD,NROW, NCOL, CC,NROWL , NCOL1,

+CDI, NROW2 , NCOL2 , LIN, LIN2 )

INTEGER MEOW, NCOL, NROWL , NCOLL, NROW2 , NOOLZ
REAL LD ({NROW,NCOL)

REAT, O (NEOWL, NCOLL)

EEAT, QDI (NEROWZ , NOOL2 )

SUBROUTINES EREQUIRELD: NONE
DIRECT INPUTS:

TH=INCREMENT ENLD TIME (HEZ); TN1=IMNCE BEGIMNHNINZ TIME HRS
DD, NECW , NCOL=KaME aMND SIZE OF MAT DD

CC, NROW1 ,NCOL1=NAME ANT: SIZE OF MAT CC

CDI, NROW2 , NCOL2=NAME AND SIZE OF MAT CDI

LIN=NC. OF CONT IN MAT CDI
LIN2=NO, OF DEVICES IN MAT DD

OTHER INPUTS FEOM MAT DD
DC(J, 3) =DEVICE NUMBER

DL 4T, 16)=AMT OF LICH PREVIOQUSLY USZSED BY DEVICE

CDI{I,17)=LE LIOH UTIL/LB CONT ADSCEEED IN BED {FOR ONE CONT)

OUTEUTS {STORED IN MAT DD)

DD {J,16)=AMOTNT OF LIOH UTILIFZED BY DEVIOE THROUGH THE END OF

THIS TIME INCREMENT

110

DD {J,15)=RATE COF LIOH USAGE FOR DEVICE

K=1]

STARET LOOF FCOR ALL DEVICES 3 TO 15
O 1040 J=3,LINZ
CHECK FOF DEVICE = LIOH EBED
IF {DD(J,3).E2.5) THEN
RATE CF LICH UTILIZATICH (KEG/HR}
EWITLI =5
BEGIHM LOOP FOR ALL CONTAMINANTS
DO L10 I=1.LIN
FRWUTLI=FEWUTLI+CC (I, K)*CDI(I,7}*1E-&
COMNTINUIE
STCRE RATE OF LICH UTILIZATION IN MAT DOF FOR THIS DEVICE
DD(J;lSJZRWUTLI
UPDATE AMOUNT OF LIOH UTIL THROIGH THE ENDY OF TIME INCR(KG)




47 DO{J,16)=0D{J,15) +RWUTLI* (TH-TH1 )

49 ENDIF
50 K=F+3
51 C END J LOOP
&2 100 COMNTINUE
53 RETUEMN

54 END

NUMBER CF WARNINGS IN PROGRAM UNIT:
NUMEER OF ERRORS IN FROGRAM UNIT:
NUMEER OF WARNINGS IN COMPILATION
NUMBER CF ERRORS IN COMPTILATION -

i a3
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APPENDIX B

TOXIC HAZARD INDEX DESCRIPTION
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The toxic hazard index, or T-value, is the methed used by toxicologists 1o assess the
acceptability of an atmosphere containing a mixture of contaminants. This approach is derived from
the American Conference of Governmental Industrial Hygienists guidelines for setting threshold limit
values for contaminant mixtures. Since the effects on humans of many atmospheric contaminants are
considered 10 be additive this mixture approach is applied 1o sixicen contaminant groups. The groups
considered in the T-value calculation used in the TCCS Computer Program are the following:

1. Alcohols
2. Aldehydes
3. Aromatic hydrocarbons
4. Esters
5. Ethers
H. Chlorocarbons
7. Chlorofluorocarhons
8. Fluorocarbons
3. Hydrocarbons
10. Inorganic acids
11. Ketoncs
12, Mercaptans and sulfides
13, Nitrogen oxides
14. Organic acids
13. Organic nitrogens
16. Miscellanecus
The group numbers used in the computer program output correspond to the above group listing.
The T-value is calculated for each group by calcnlating the sum of the ratios of the
contaminants” concentrations to their maximum allowabie concentration while the overatl T-valne is
the sum of the group T-values for the alcohols, aldchydes, aromatic hydrocarbons, esters, ethers,

hydrocarbons, inorganic acids, ketones, nitrogen oxides, organic acids, and miscellancous groups.
These calculations are conducted according to the following equations:
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Toroup = 24 Co/Con (B1)

Tﬁ"!’f—'mu = E TE['EIJP ¥ (BEJ

where C; is the contaminanl concentration in the atmosphere in mg/m3 and C,, is the maximum
allowable concentration in the atmosphere in mg/m3,

The critenia for acceptability are the following:
1. The T-value [or each group must be less than one
2. The overall T-value must be less than one

If cither of these criletia are cxceeded, the atmosphere is considered unacceptable.
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