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1. INTRODUCTION

General De ‘50 Criterion (GDC) 19 requires that every plant have a control
room that is protected frem "accident conditions, including loss-of-coolant
accidents.” To determine whether or not an applicant’s p’ant complies with
GDC 19, the NRC staff performs an assessment of the plant’s control room
habitability system (CRH3) using Section 6.4 of the Standard Review Plan (SRP)
“Control Room Habitability System." Control room protection is the subject of
TMI Action Plan 111.0.3.4, "Control Room."

Concerns have been raised by the NRC staff. The concerns may be divided into
four components using a systems approach: (a) the challenges to control room
habitability, (b) the effectiveness of design features of control room
habitability syste s and the guidance for their review, (c) the means of
assuring adequate testing and maintenance of the CRHS, and (d) the estimation
of accident consequences to the control room occupants to be used in
implementing GOC 19. This report will address components (b) and (d) by
oroviding a computer based model of the CRHS, and, using source insults
calculatec v the Fission Product Flow Path code, TACTS, and EXTRAN, by
comput ing doses or exposures to control room occupants from radionuclides or
toxic gases,

The new model represents an attempt to provide a more real’stic evaluation of
control room protection than the steady-state Murphy-Campe mode)l (reference 1)
used by the NRC in past cont ol room habitability evaluations. The steady-
state model is believed to be more conserv. ive in most cases than a time
dependent model. The r.« model also incorporates an improved, more realistic
meteorological dispersion calculation based on recent work by Ramsdell
(references 5,6,and 7). The new, time based dispersion calculation correlates
well with existing experimental data, and is generally less conservative than
the traditional Gaussian plume calcuiation (reference 7).
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Figure 1
Control Room Habitabllity System Model
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semi-infinite cloud of gamma emitters, upon which the dose conversion tactors
are based. Note that radioactive decay and daughter product build-up were not
included up to this point in the calculation.

At the end of each time step, the concentrations at each of the four sources
and in the control room are decayed, and daughter products added back in.
Only the daughter with the largest production factor is used in the
calculation. For example, if a nuclide can decay to two or more daughters,
only the most probable daughter is used. The total dose to an individual is
obtained by summing the dose contributions from each nuclide and each time
step.

For a toxic gas analysis, the same formulation above holds, except that there
is no decay or geometry factor correction.



3. DISCUSSION OF CODES

Figure 2 represents the flow of information from start to finish for the
evaluation of radiological exposure. Figure 3 represents the information flow
for toxic chemical exposure evaluation. The description and use of FPFP,
TACTS, and EXTRAN 1s left to the respective users manuals (references 3-5).
A1l three have been modified to produce an output file which can be read by
either CONHAB or CHEM.

A detailed tour through each step 1s described in section 4, the users guide.
Basically, to perform a radiological dose calculation, the following steps are

performed:

1) Review FSAR, SER, and licensee submittals to identify all pathways of
radinnuclides from the source to the control room boundary.

2) For those pathways which involve transport through the building or
buildings (not through the atmosphere), run FPFP., Two pathways at a time can
be modeled by CONHAB. 1f there are more thar two, perform multiple runs and
sum the results of CONHAB.

3) For pathways which involve transport through the atmosphere to a
control room air intake, run TACTS. Note that it is not necessary to input
meteorological information into TACTS as CONHAB incorporates its own model.

4) Examine licensee submittals and FSAR to determine configurations and
flow rates for the control room habitab lity system being evaluated. Run CRH
and build the CRHS model.

5) From the CRH main menu, select 'Set up for calculation’ option and
designate the datafiles crcated in steps 2 through 4. Exit from CRH.



FIGURE 2
RRADIOLOGICAL ANALYSIS FLOWCHART
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FIGURE 3
TOHIC CHEMICAL ANALYSIS FLOWCHART
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The next two screens present a graphical representation of the CRHS similar to
that shown in Figure 1. The first of these two accepts flow rate and control
room volume information. The second accepts filter efficiency data.

The fourth data screen is the edit screen. It lists all data from the
previous three screens for each time step and allows full screen editing.

This screen may also be used for data input by selecting 'Tabular’' rather than
‘Graphical’ input screens when prompted.

The fifth input screen allows editing of time independent variables such as
power level and chemical form fraction. It is accessed from the edit option.

A secondary function of CRH is the assemblage of all data files in preparation
for running CONHAB. CONMAB requires six data files as input. CRHM will prompt
for the selection of filenames for each of these according to a predetermined
file naming convention (template). The user is not required to adhere to the
naming convention set up in CRH, but for simplicity, it is recommended.

Unless specifically changed by the user, the data files will all conform to
the following conventions:

System flow data file (created by CRH) *.DAT
Nuclide data file ICRP . *
FPFP source term data file (2 req.) CRHFPFP* QUT
TACTS source term data file (2 req.) CRHTACT* DAT
Time independent data (power,form frac) TIMEIND.DAT

CRH creates a separate file named CRHSYS.DAT which contains the names of the

selected data files. CONHAB reads this file to determine which data files to
use in the calculation.

13
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in the control room especially if using the TID source term, which contains
only relatively long 1ived radionuclides. ODaughter product build-up is a
small contributor which somewhat lessens this conservatism,

3.3 CHEM

The CHEM code is the equivalent of CONHAB, only it is used for evaluation of
toxic gas concentrations rather than radionuclides. The mathematical model
incorporated into the code is identical to that in CONHAB. The only removal
process modeled, however, is dilution. The code reads an output file
generated by the EXTRAN code (reference 5), and applies this source to each of
the four potential entry points to the control room. Since the recirculation
loop and all the filters are ineffective in reducing the toxic gas
concentration, each of the four entry points are treated identically. Fresh
air intake is modeled by using bottled air. The code transports gas into the
control room as set up by the CRH code, and reports concentrations, mean
concentrations, and exposure at each time step. A data file is generated
which can be used by the CRHPLOTC program to graphically display the data.
Appendix C contains a FORTRAN 1isting of the CHEM code.

3.4 CRHPLOTR AND CRHPLOTC

The CRHPLOTR and CRHPLOTC codes plot the results of a radiological or toxic
gas analysis, respectively. Both are written in CLIPPER using FLIPPER
graphics libraries. They are designed to run correctly on most PC display
systems (VGA, EGA, CGA, and Hercules). Both also give the option to print the
graphs on a printer. Listings for these codes appear respectively as
Appendices D and E.

3.5 DATA FILES
There are two permanent data file libraries, [CRP.02 and ICRP.30. Both of

the contain the same types of information, but the ICRP.30 library has been
updated to contain dose conversion factors from the International Commission

16
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user-named DBF -
L ﬁ‘DAT

CRHTACT*.DAT -

CRHFPEP* OUT -

CRHPLOTR.DAT -

Contains the information input to the CRH code for
meteorology and system flow. Structure of the files
is presented in Appendix H, The .DBF file is a dBase
file, and the .DAT file is the associated ASCII file
which is read by CONHAB.

Output from the TACTS code which is used to provide a
source to either of the two outside air intakes.

Output from the FPFP code which 1s used to provide a
source to the two user defined unfiltered inleakage
pat ways.

Output file from CONHAB which 1s used by CRHPLOTR to
plot dose vs. time on the computer screen for the
current case.

The CHEM program uses only three datafiles, an output file from EXTRAN, a data
file created by CRH with system flow information, and an output file produced
by CHEM (CRHPLOTC.DAT) for plotting the results on the computer screen.

18



4. USERS GUIDE TO THE COMPUTER CODES

This section contains a detailed discussion of the use of the computer codes
CRH, CONHAB, CHEM, CRMPLOTR and CRHPLOTC. Before attempting to execute any of
these codes, they must be installed on the hard dick of a Personal Computer
(PC). Instructions for doing this appear in Section 5, Codes Installation.
Ail five of the codes listed above have been compiled and linked, and are in
an executable form (suffix EXE). This section assumes the codes have been
installed and are resident in one subdirectory on the hard disk. For
convenience, it is recommended that all datafiles also reside in the same
directory, with backup files maintained on floppy disk. The codes are
discussed in order of execution for performing a standard radiological and
toxic chemical evaluation,

4.1 RADICLOGICAL EVALUATION

The first step in performing a radiological control room evaluation is a
review of plant specific information from the FSAR, SER, and any licensee
submittals to determine what hazards are present and what potential flow paths
exist to transport contaminants to the control room boundary. The flow paths
can be divided into those which are through-plant; for example, those which
are transported from room to room by ducts, doorways, and passages; or those
which are transported by the outside atmosphere to the control room air
intakes, for example, containment leakage or stack releases.

For each through-plant pathway, the code FPFP (reference 3) must be executed.
After each run, a file named CRMFPFP.OUT will be created. Rename this file
CRHFPFP* OUT, where * is any legal filename character, a letter or number,
before performing the next run; CRHFPFP.OUT is overwritten every time FPFP is
executed., Create as many CRHFPFP* OUT files as there are pathways through the
plant to the control room, being careful not to give any two the same name.
Note, however, that CONHAB can only use two of these at a time. If there are
more than two, execute CONHAB multiple times and sum the results. It is much



more convenient and usually sufficient to defire only two pathways to begin
with,

Choose one of the FPFP output files to be user-defined unfiltered source one,
and the other to be user-defined unfiitered source two. It is irrelevant
which source is chosen as one or two, but this convention must be carried
through the remainder of the problem in order to tell CONHAB which source goes
with which flow rate.

For through atmosphere pathways, TACTS (reference 4) must be run. TACTS need
only be run once regardless of the number of control room air intakes, as the
CRH and CONHAB codes contain the required meteorological information to
correctiy transport the contaminants. The meteorological information does not
need to be entered into the TACTS input deck, because the only information
required by CONHAB 1s the number of curies of each radionuclide released to
the environment for each time step in TACTS, This informa®.on is
automatically written to a file by the new (6/90) version of TACTS. Rename
the file CRHTACT.DAT (created by TACTS) CRMTACT* . DAT as before. Make a copy
of this file using a different characuer for '*.” The DOS commands for these
two steps are: ¢:\RENAME CRHTACT.DAT CRHTACT*.DAT <ret> and c:\COPY
CRHTACT* . DAT CRHTACTH.DAT <ret> where '*’ and '#' are different characters.
CONHAB requires two separate input files, even though they are identical.
This allows future flexibility to apply differing sources to each intake.

At this point there will be four source files; two CRHFPFP*.0UT and two
CRHTACT*.DAT. The next step is to run the CRH program, which will allow entry
of meteorological, system design, and time independent plant specific data.

4.1.1 Executing the CRH Code

Begin execution of the CRH code by typing CRH at the DOS prompt and striking
return. Figure 6 will be displayed. Strike any key to continue, and the
screen will appear as in Figure 7. This will be referred to as the 'main
menu’ in CRH. From this menu, the user may either create a new data file,

20
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Exit to DOS




edit an old data file, edit the time independent information, designate which
data files to use in the CONHAB calculation, or exit to DOS.

To create a new input file, highlight 'Create a new data file’' as shown in
Figure 7 and strike return. The computer will respond with Figure 8. To
create a new file, strike return with the highlight on ’'<create>.’ The
computer will then prompt for a new file name. Do not include a suffix. The
code will automatically add a .DAT suffix to the data file. Enter any eight
character designator as a file name. To overwrite an old file which is no
longer needed, cursor down with the arrow keys, highlight the file to
overwrite, and strike return.

At this point, the program will ask whether to use the graphical input screens
or the tabular input screen. The tabular input screen is identical to the
edit screen, however the graphical screens are easier to understand. Select
the grephical screens by either hitting return or striking 'G.’ No carriage
return is necessary.

The next prompt asks how many time steps will be entered. It i1s allowed to
enter a number larger than the anticipated number of time steps, and then
enter dummy information fo~ time steps after 720 hours (30 days). There
should be a time step any time a piece of information such as flow rates,
meteorological information, etc. changes. Enter an appropriate number and
strike return,

The program will prompt for the first start time as shown in Figure 9. Enter
the first start time in either seconds, minutes, or hours; strike return. The
‘Select units:’ menu will appear. Highlight the units for the time just
entered, and strike return. Repeat this step for the end time of the time
step, which will also be the start time of the next time step.

The next screen to appeur is the 'Meteorological Input’ screen as shown in
Figure 10. This screen is used to enter parameters which will be used by

CONHAB to compute a dispersion factor to be applied to the TACTS sources. The

23
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current time step start and end times appear in the uppar left corner for
reference For each of the parameters, enter the appropriate value and strike
return Do not use scientific notation The program will respond to the
carriage return with the ‘Select desired units: menu as shown in Figure 11

As before, highlight the units for the datum entered and hit return, Note
that 1f the data being entered is already in the default units (mks), the unit
menu can be avoided by striking the down arrow key rather than return after
entering a number The last two prompts on the screen, horizontal and

vertical stability class, require a number, | which represents the

appropriate Pasquill stability class (A=]1, Be=2, etc.) There are no unit

)

menus for these two parameters,

After entering the vertical stability class value, the program will display
the 'Contro) Room Habitability System Flows’ input screen as shown in Figure
12 This screen accepts system flow parameters and an OCCUpancy factor
Enter the parameters as before There are unit conversion menus for all
values except the occupancy factor (see Figure 13). Note that on color
monitors, the prompts and the flow paths are color coordinated to assist

identifying which prompt goes with which fiow path

After entering an occupancy factor, the screen will appear as in Figure 14

This screen allows the input of filter efficiencies each of the three filters.
A unit conversion menu will prompt for each entry for either fraction or
percent units Upon entering the last filter efficiency, the program will
request the next time step start and end time The entire process is ther
repeated until all time steps have been entered. Note that for each time
step, information has been carried forward from the previous time step Thus,

if a parameter has not changed, the user can simply cursor past it with the

1

arrow keys Using the return key will have the same effect, however this wil
cause the unit conversion menus Lo appear Mote also that any data which was
not entered in mks units has been converted to mks at this point Be carefu!
not to incorrectly change the units to other than the default mks (always the

nus) when using ¢ return key to move through the
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strike return. This option allows the user to identify which data files to
use in the sudbsequent calculation, The screen will prompt for whilh
meteorology and system flow file to use. Highlight the file created above and
strike return., Note that the data file listed here will have a .DAT
extension, while the file as listed for editing will have a .DBF extension.
The program will then ask which nuclide “ile to use. Select either ICRP.02 or
ICRP.30 and hit return. Next, iLhe program needs to know the user defined
unfiltered source | file name as created by FPFP. Highlight the filename and
strike return. Repeat for unfiltered source 2.

The program will then prompt for each of the two TACTS source files created by
TACTS as described above. Highlight one of the files and strike sturn, then
reneat for the second file.

The program will then display each of the files selected, as shown in Figure
22. If they are correct, press 'y’ or strike return. If not, type 'n’ and
repeat these steps with the correct file names.

When the file names are correct, type 'y’ or strike return to veturn to the
main menu, The files are set up for performing the calculation at this point,
Exi% to DOS from the main menu.

Changes to the meteoroiogy and system flow data file can be made by executing
CRH again and following the instructions for editing above. 1f no file names
have changed, the 'Assign data files...’' step may be omitted before rerunning
CONMHAB .

6.1.2 Cxecuting the CONHAB Code

From the DOS prompt, type 'CONMAB' and strike return. This will begin
execution of the calculational code. The program will prompt for an output
destination. Type 'CON' to send the output to the screen, 'PRN' to send it to
the printer, or a valid filename to produce an ASCI1 output file which can be
printed, viewed, or edited later. The program will then begin echoing input
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and printing results for each time step to the selected device. A summary
table will be printed on the screen regardless of output destination. CONMAB
also generates a datafile which is used to plot the data on the computer
screen,

4.1.3 Fxecuting the CRHPLOTR Code

Type "CRHPLOTR’ and strike return to begin the plotting routine. Respond
appropriately to the questions asked, and the program will plot dose versus
time for whole body, thyroid, and skin doses. MHit any key to display
individual plots of dose vs. time for the same organs.

4.2 TOXIC GAS EVALUATION

Performing a toxic gas analysis fs similar to the proce ire previously
outlined. Instead of using FPFP and TACTS, the code EXTRAN s executed to
compute & toxic gas concentration at the control room air intake. Refer to
the EXTRAN manual for performing an EXTRAN calculation. EXTRAN wil) produce
an output file which can be read by the CHEM code. Make note of the file neme
produced by EXTRAN,

Run the CRH code as described in section 4.1.! above. When creating a
datafile, note that the meteorology input screen can be omitted (enter all
zeros and any number between 1 and 7 for the stability classes) because EXTRAN
incorporates all atmospheric diffusion calculations. The filter efficiency
screen can also be ignored, as the filters have no effect on the toxic gas
concentration in the control room. The only screen which contains data
required by the CHEM code 1s the system flow input screen. Enter appropriate
information for each time step as described above. The EXTRAN source will be
appliec to any and al) of the four potential pathways into the control room
volume for which the user designates a non-zero flow rate.

After entering the system flow parameters, skip the ‘Assign data files...’
step, as CHEM does not require this, Exit to DOS. Type CHEM at the DOS
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5. CODE INSTALLATION

The CRH codes require an [BM-PC or PS-2 compatible microcomputer with a hard
disk to operate. A version of the codes which utilize a numeric co-processor
15 available.
To install the CRH codes on the hard drive of a PC, foll.w these steps:

1) C .. . a subairectory.

c~ \‘\)M e "\‘
2) Change to the new subdirectory.

C:\>cd crh

3) Insert the CRH disk into drive A of the c~mputer. Cany all of the
files into the crh subdirectory.

C:\CRH\>copy a:*.*

L



6. EXAMPLE PROBLEM

A sample problem has been included with the distribution disks to allow
verification that the codes have been installed and are executing properly.
The sample problem uses the following data files:

0 Through atmosphere source as calculated by TACTS is identical to Example
1 in NUREG/CR-5106 'Users Guide for the TACTS computer code.’ The
filenames for these two files are CRHTACT).DAT and CRHTACTZ2.DAT,

0 Through plant sources are the sample output from the FPFP code, labeled
CRHFPFP] .DAT and CRMFPFP2 .DAT on the distribution disk.

0 Metacrology and system flow file EXAMPLE.DAT.
0 ICRP.02 nuclide Vibrary,

To execute the sample problem, run CRM and use the 'Assign data files...’
eption to select each of the files listed above. Then exit to DOS and type
CONHAB at the DOS prompt. Select CON to display the output on the screen, PRN
to send it to the printer, or a file name to save output to a file for later
printing. Note that the code will display a summary table, and that if
necessary, the output data can be retrieved from the file CRHPLOTR, DAT, which
is always created, regardless of where the output is directed. The
CRHPLOTR.DAT file is used as input to the plotting routine CRHPLOTR.EXE. Only
the first two and last pages of the output have been included in Appendix .
Sample plots from CRHPLOTR and CRHPLCTC are attached.

Sample input files for the CHEM code are also included. The sample system
flow file is named EXAMCHEM.DAT, and the sample EXTRAN output file is
EXOUT.OUT, Execute the sample problem by typing CHEM at the DOS prompt and
striking return. Enter EXAMCHEM.DAT for the system flow file, and EXOLT.OUT
for the EXTRAN output file. The output will be sent to the screen. Again,
the output can be retrieved from disk by printing the file CRHPLOTC,DAT, or
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the output can be printed by typing <Ctri> <Print Scrn> after typing the
EXTRAN file name but before hitting return, Type <Ctrl><Print Scrn> again to
turn the printer off after the code has executed.
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APPENDIX A
CRH CODE LISTING



P T I s R s
* Program to re’d in data for control room habitebility calculations
»

R
-
*

: Set up system parameters and constants

set echo off

set talk off

set escepe on

set bell off

stde‘we/b’

set color to bstd
pup="b/g+,g+/b,, ,b/g+’
shadows'n/n,n/n,n/n,n/n,n/n’
finisheds'N’

whattodos'C’

dat_files’

use crmet

num_f1|lds-fcount$)

* gefine number of fields in database
geclaro wtore prev [num_fields)

*
: Go display greeting screen. ..

so greeting

LR e R R e

* main pro!ram ioop *
R R e

do while finished § 'nN’

*decide whether to edit or append
do what_to do
* returns with either C,E,R, or X to create,edit,run or exit
closs database
use crmet
do case
case whattodo='C’' &4 creste a new datafile
do create new
do write file &8 writes out ascii file for fortran program
close database
case whattodo='E’ &8 edit an existing file
do edit old
case whattodo='R’
DO SET uP
*  RUM CONMAB.exe  && run code
case whattodo='X’
*exit to dos
clear
#5,1 say ‘Returning to the DOS prompt...’
:;.} say 'To execute the calculational code, type CONHAB at the DOS prompt.’
: s.y T
wait
finisheds'Y’
endcase
enddo
return

A1
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*do «dit source
case menuchoicesé

set colur to bold _color
return

endcase

clear

enddo

*end of edit _old procedure

procedure edit timeind

use timeind

80 top
2, 20 SAY "TImE INDEPENDENT DATA"

@ 4, 5 SAY "REACTOR POWER LEVEL"

4, 25 GET TIMEIND->POWER PICTURE “9999.49"
4, 35 SAY "Mwt"
6, 39 SAY "GROUP FRACTIONS"
7, & SAY "1SOTOPIC GROUP ELEMENTAL ORGANIC PARTICULATE"
9, 5 SAY "MALOGENS"
, 30 GET TIMEIND->MELE PICTURE "9.9999"
9, 43 GET TIMEIND->MORG PICTURE "9.9999"

9, 56 GET TIMEIND->MPART PICTURE "9.9999"
10, 5 SAY "NOBLES"

10, 30 GET TIMEIND->NELE PICTURE "9.9999"
10, 43 GET TIMEIND->NORG PICTURE “9,9998"
10, 56 GET TIMEIND->NPART PICTURE "9,9999"
i1, 5 SAY "SODIUMS"

30 GET TIMEIND->NAELE PICTURE "9.9999"
11, 43 GEr  TIMEIND-»>NAORG PIFTURE “9.9999"
11, 56 GET TIMEIND->NAPART P, TURE "9.9999"
12, 5 SAY "SOLIDS"

12, 30 GET TIMEIND->SELE PICTHRE "9.9999"
12, 43 GET TIMEIND->SORG PICT RE “9,9998"
12, 56 GET TIMEINO->SPART PICTURE "9.9999"
13, 5 SAY "PLUTONIUMS"

13, 30 GET TIMEIND->PELE PICTURE "9.9999"
13, 43 GET TIMEIND->PORG PICTURE “9.9999"
13, 56 GET TIMEIND->PPART PICTURE "9.9999"
0, 0 T0 20, 79  DOUBLE

5, 2 TO 4, 17

@ 8, 3 70 8,76

TDDDEODDDTRDE DD DODDDIOONEIDED
—
-
-

copy to timeind.dat delimited
close databases
return

procodure set_up

*this procedures sets up data files for conhab program

sot color to &std

close database

do while .T.

¢lear

@1,1 say 'The FORTRAN program CONHAB needs to know what data files to use...’
P2,]1 say ‘First, pick which meteorology and system flow file to use’

A-d



wait
ftempe'* dat’
do se) dat file
datfilesdat file
clear
@1,] say ‘Now pick which NUCLIDE DATA FILE to use...’
wiilt
ftemps'ICRP,*'
DO SEL_DAT FILE
nucfilesdat file
tlear
#1,) say 'Now select SOURCE file for unfiltered source | (created by FPFP). . '
wait
ftemps ' CRMFPFP* OUT’
DO SEL DAT FILE
STFILET«DAY FILE
CLEAR
B1,] SAY ‘Same thing for unfiltered souice 2 .. .'
wiil
ftemps'CRMFPFP* OUT'
do sel dat file
stfileZedat file
tlear
®1,]1 say ‘Select SOURCE file for filtered intake | (usually from TACTS). ..
wait
ftemps CRMTACT* DAT’
do sel dat file
stfilededat file
clear
P1,] say 'And the SOURCE file for filtered intake 2 (feeds the recirc loop)...’
wait
ftemps='CRHTACT* DAT’
do sel dat file
stfiledadat file
¢lear
answe 'Y’
#1,]1 say 'The following files have been selected:’
#3,] say ‘Meteorology and control room system flow data: '+ datfile
@4,] say 'Nuclear data 7ile: ‘+ nucfile
#5,]1 say ‘User defined unfiltered source |: ‘+ stfilel
06,1 say 'User defined unfiltered source 2: ‘+ stfile?
07,1 say ‘Source to filtered intake: ‘4 stfiled
#8,1 say 'Source to recirc loop filtered intake: ‘+ stfiled
Olbal say 'Are ther. selections correct (Y/N)? ' get answ
rea
{f answs'vy'

exit
endif
enddo
set alte to crhsys.dat
set alte on
7270,122, " "+datfiles" " Menucfile+" , ""estfilels"’, " “estfile2e"’, “estfiled+"’, “sstfileds" "
?
set alte off
close alte
¢lear
85,1 say 'To execute the calculational code, select Exit to DOS at the next’
@6,1 say ‘menu, and then type CONHAB.'
@9,) say '’
wait
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2 19,47 SAY "cubic meters/sec’
20,2 say "Recirc intake fiow rate

0,26 get filtflowd picture "99999.999
@20,47 say "cubic meters/sec"

21,2 say "Recirc intake filter eff."*
21,36 get filtlele picture "9,.998"
21,42 get filt3org picture "5, 998"
@21,48 get filt3part picture "9.999°
07,54 say "ele org part fraction”
p22.2 SAY "( trol room volume
P22, 3¢ [ crvolume PICTURE "999999. 958"
022 .47 SAY "cubic meters”
read

ear

et rt dstd+bpup

) ; tsteg

end
returr
"
procedure what to 4o
*out procedure here to sevlect whether to edit an old data set or create a new
ane
.

* returns whattodo = ‘e’ to edit or ‘¢’ for new

ear
81,36 say 'MAIN MENU
feclare bar(6]
bar [1] » Select desired action
bar (2] =
bar (3] = Create a new data file (or overwrite an old one)
bar (4] = Edit an existing data file
bar [5] = L an data files in preparation for running calculatror

bar|¢t Exit to DOS




set color to &old_color
clear
return

procedure g~t tiw L 9

@ 4,14 SAY "Start = . *

@ 4,26 GET tsteptn, . 1CTURE "9999.99" valid time unit(tstepbeg,“tstepheg")
@ 5.14 SAY "End time: "

€ 5,26 GET tstepend PICTURE “9999.99" valid time unit(tstepend,"tstepend”)
return

pracedure greeting
*pu' hello screen here
cleir

set color to &std+dpup
@ 0,0 70 21,79 DOUBLE

SAY "m"

SAY “"décueeev”
SAY "geeeee;"
SAY "u"

SAY "u*

2
2
6
6
2 SAY "a"
SAY "aéeedese”
4 SAY "ontrol"
2 SAY "m"
/ SAY "agg"
| SAY "oom"
6 SAY "o"
2 SAY "m"
4 SAY "abitability"
2 SAY "A pro?ram to assist in the preparation of data for the CONHAB and CHEM codes"
34 SAY "Developed by:"
,34 SAY "Howard Gilpin"
6,1, SAY "Science Applications Irternational Corporaticn”
@ 17,36 SAY "June 1990"
@ 19,37 say "<Press any key>"
inkey(v)
~gturn
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procedure read metdata

*procedure to input graphically met data
set color to b/w

@ 0,0 SAY "Time step start: "

@ 0,17 SAY tstepbeg PICTURE "@T] 9899.99"
@ 0,24 SAY " end:

@ 0,30 SAY tstepend PICTURE "@T] 9998 99"
@ 2,29 SAY "METEOROLOGICAL INPUT"

t color to g+/b

3,6 SAY "Effluent"”

t color to re/b

66 SAY CHR(26)

69 SAY "Wind speed"

color to g+/b

1 SAY "vertical velocity"

22 SAY REPLICATE(CHR(16), 8)

color to r+/b

66 SAY CHR(26)

69 SAY "(m/s)"

color to g+/b g+/b

1 SAY "‘m/ '

7 GET effvertvel PICTURE "9995.99" valid velocity(effvertvel, "effvertvel")
21 SAY rHR(30)

golor to re/b,r+/b

6

se
®

se
¢
e
5
@
@

3,

t

4,

4,

t

4

4

5

¢

5

t

5,66 SAY CHR(26)
5,69 GET windspeed PICTURE "9999.99" valid velocity(windspeed, "windspeed")
et color to g+/b
6,21 SAY CHR(30)
t color to r+/b
6,66 SAY CHR(26)
7,1/ SAY CHR(24)
7,20 T0 12,22

t color to gr+/b

7,25 SAY "Horizontal distance"”

t color to r+/b

7,66 SAY CHR(26)

t color to b?o/b

8,1 SAY "Effluent flow"

8,21 SAY CHR(30)

t color to gr+/b,gr+/b

6,25 SAY CHR(27)

8,25 SAY “to receptor (m)"

8,41 GET horizdist PICTURE "9999.99" v.!id dist horizdist,"horizdist")
8,58 SAY CHR(26)

t color to bg+/b

8,1 SAY "rate (m*3/s)"

§,21 SAY CHR(30)

t color to rb+/b

9,47 SAY "Receptor"

et color to bg+/b,bg+/b

@ 10,3 GET effflow PICTURE "9999.99" valic fiow(effflow, "effflow")

@ 10,21 SAY CHR(30)

set color to rb+/b

@ 10,47 SAY "Height (m)"

@ 10,58 SAY CHR(24)

set color to r+/b

@ 10,59 TO 12,60

@ 11,20 SAY " *"

sttt color to bgsb

»

e

$
e
e
5
e
¢
J
s
¢
@
$
8
$
@
¢
¢
se
@
$
¢
s
e
e
$
e
e
e
e
s
@
e
se
e
s
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@ 4,7 SAY "\ /"
set color to rbe/d
@ 4,19 SAY "Unfiltered"
set color to gre/b
@ 4,20 SAY 'Recirc
® 4,56 SAY "Intake"
set color to w/b
@ 4,68 SAY “\"
@ 4,70 SAY "/
@ 5,8 SAY “o"
set color to rb+/b
@ 5,20 SAY "Source 1"
set color to grs+/b
25,30 say "Filter"
set color to r+/b
@%,39 say "Recirc"
set color to gr+/b,gr+/b
@ 5,56 SAY "Filter"
set color to we/b
@ 5,64 SAY **"
set coior ;o u/b
@ 5,09 SAY "u"
6,8 SAY "o"

color to rb+/b

22 SAY "\"

24 SAY /"

et
6,
6,
et color to gr+/b
6,
t
6,

L
$
@
@

s
@ 6,31 T08,3

set color to r+/b,r+/b

@ 6,37 SAY “Flow rates"

@ 6,47 GET fi1tflow2 PICTURE "@I. 99999.9" valid flow(fiivirow2,"filtflow2")
set color to gr+/b

@ 6,57 10 8,60

set color to w+/b

@ 6,63 SAY " "

@ 6,64 T0 16.79

@ 6,64 SAY “06'

et color to w/b

6,69 SAY "n"

7,8 SAY “a"

t color to rb+/b

5
@
@
5
7,12 SAY "Flow rates"

7,23 SAY “m"

t color to r+/b

,28 SAY "ese"

36 SAY- * *

35 SAY “checeecbeceebpepceey”

color to w/b
5 SAY '66“

e

SAY "a"
olor to rb+/b,rb+/b

" § gg: flowinl PICTURE “@L 99929.999" valid flow (flowinl,"flowinl")
anl

color to r»/b

8,28 SAY "n"

P 8,54 SAY "u"

set ~nlor to we/b

l
7
7
t
£
7,
7
s
8,
et
8
8,
t

s
@
@
$
e
e
J
$
@
e
e
e
e
s
@
e
se
@

192
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6‘ SAY LR

color to w/b,w/b
65 SAY “"rates"
70 2[T.f11tf1ou3 PICTURE "96999.9" valid flow(filtflowd,"filtflowd")
.8 SAY "m"

8,
et
8,
8,
e
e; color to rb+/b
t
9,
et
9,
9

23 SAY "a"

color to r+/b

28 SAY "m"

color to we/b

30 TC 14,52 DOUBLE

t color to r+/b

54 SAY "u"

et color to we/b

@ 9,68 SAY "*"

set color to w/b

@ 10,8 SAY "g"

set color to rb+/b

@ 10,23 SAY "g"

set color to r+/b

@ 10,28 SAY "ag"

@ 10,30 SAY CHR(26)

set colo™ to g+/rb

@ 10,31 SAY " .
set color to r+/b

@ 10,52 SAY CHR(26)

@ 10,53 SAY "éy"

set color to gre/b,gr+/b
set color to we/b

@ 10,64 SAY "*"

set color to g+/b

@ 10,68 SAY "Unfiltered"
set color to w/b

@ 11,8 SAY "u"

set color to rb+/b

@ 11,23 SAY "aeecéee"

@ 11,30 SAY CHR(26)

set color to g+/rb

@ 11,31 SAY " Contro! Room
set color to w+/b

@ 11,64 SAY "*"

set color to g+/b

@ 11,69 SAY "Source 2"
set color to w/b

@ 12,8 SAY "m"

set color to gr+/b

@12, l{ T0 14,20 . / .
set color to g+/r
® 12,31 SAY 'Q‘L'vo 1="

@ 12,39 GET cryclume PICTURE "999999. 9"valid volume(crvolume,"crvolume")
@ 12,46 SAY "

set co1or to we/b

@ 12,64 SAY "*"

set color to g+/b

@ 12,71 SAY "\"

@ 12,73 SAY /"

set color to w/b

@ 13,8 SAY "aeeedecee"

@ 13,18 SAY " *

@ 13,21 SAY "eecceeses"

¢
$
¢
0
¢
5
e
se
@
se
@
se
e
s
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® 13,30 SAY CHR(26)
set color to g+/rb

® 13,31 SAY " ’

se* color to g+/b

@ 1,,52 SAY CHR(27)

B 13,03 SAY "geccecbeeipheecpetey”

@ 14,35 SAY CHR(25)

set color to bg+/p

® 14,48 SAY CHR(24)

set color to g+/b,g+/b

@ 14,55 SAY "Flow"

@ 14,60 SAY "rates"

@ 14,65 GET flowin2 PICTURE “@L 99999.999" valid flow(flowin2,*flowin2")
set color to gr+/b

@ 15,13 SAY "Intake Filter"

set color to g+/b

@ 15,32 5AY "Leanage"

set color to bg+/b

@ 15,48 SAY "u Flow"

set color to we/b

@ 15,64 SAY "*"

set color to gr+/b,gr+/b

set color to b9+/b.bg¢/b

@ 16,48 SAY "o Rates

@ 16,55 CET flowind PICTURE "®L 99999.999" valid flow(flowin3,"flowin3")
set color to we/b

@ 16,64 SAY "("

set color to w/b,w/b

@ 12 SAY "Flow rate="

@ ' ,22 GET filtflowl PICTURE "@L 99999.9" valid flow(filtflowl,"filtflowl")
set color to bg+/b

@ 17,44 SAY "eeeeoeecef”

set color to we/b

@ 17,64 SAY "*"

set color to bg+/b

@ 18,43 70 19,44

@ 18,47 70 19,48

@ 18,52 T0 19,53

@ 18,55 SAY "Bottled"

@ 19,57 SAY "Ajir"

set color to b/w,b/w

®22,12 say "Occupancy Factor "get occfac valid (occfac>=0 .and. occfac<s].0)

set color to &std+&pup
return

procedure read filter

SET COLOR TO B/W

@ 0,0 SAY " Time step start: "

,18 SAY tstepbeg PICTURE "@T] 9999.99"
25 SAY " end: "

31 SAY tstepend PICTURE "@TI 9999.99"
+o8 'SRY "

color to w/b

,3 SAY "Qutside Air"

,29 SAY “FILTER EFFICIENCIES"

;64 SAY "Qutside Air"

5 SAY "Intake"

11 70 20,64

]
?



3,66 SAY "Intake"

4,7 SAY "\ /"

t co'or to r+/b,r+/b

4,30 SAY "Recirc"

4,37 SAY "Elem ="

4,44 GET filt2ele PICTURE "99.9999" valid eff(filt2ele,"filt2ele")
t color to bg+/b

4,56 SAY "Intake"

t color to w/b

4,68 SAY "\"

4,70 SAY “/"

5.8 SAY "n"

t color to r+/b,r+/b

5,30 SAY "Filter"

5,37 SAY "Org."

L,42 SAY "e"

5,44 GET filt2org PICTURE "99.9999" valid eff(filt2org,"filt2org")
t color to bg+/b

,56 SAY "Filter"

color to w/b

co’or to r+/b,r+/b
,31 T0 8,34
.37 SAY “Part -
, 44 GET filt2part PICTURE "99.9999" valid eff(filt2part, "filt2part")
color to bg+/b
,57 T0 8,60
color to w/b
83 SAY * *
64 T0 16,79
64 Say "(a"
,69 SAY u'
.g SAY "m"
28 SAY "ees"
32 SAY " "
35 SAY "eéeebeeesppeecpeepuce”
color to b9+/b bg+/b
,58 SAY "
color to w/b
.61 SAY “"eceAeesev”
.8 SAY "m"
3 SAY "o

color to u+/b

,30 T0 14,52 DOUBLE

color to w/b

, 54 SAY "u"

color to bg+/b,bg+/b

.57 SAY “"flem.="

64 GET filt3ele PICYURE “99.9999" valid eff(filt3ele,"filt3ele")
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set color to w/b

@ 10,8 SAY "u"

@ 10,23 SAY "u"

@ 10,28 SAY "ag¢"

@ 10,30 SAY CHR(26)

@ 10,31 Say * .

@ 10,52 SAY CHR(26)

@ 10,53 SAY “év"

set color to bg+/b,bg+/b

@ 10,57 SAY "Org."

@ 10,62 SAY "«"

@ 10,64 GET filt3org PICTURE "99.9999" valid eff(filt3org,"filt30rg")
et color to w/b

.8 SAY "o"

23 SAY “aeéeeee”

, 30 SAY CHRSZO)
'3
N

1 SAY 77
5 SAY "Control Room"
,49 SAY
color to bg+/b,bj+/b
11,57 SAY "Part.="
@ 11,64 GET filt3part PICTURE "99.9999" valid eff(filt3part,“filt3part")
set color to w/b
@ 12,8 SAY "n"
set color to g+/b
@ 12,17 70 14,20
set color to w/b
12,31 SAY " ' '
12,64 SAY **"
12,71 SAY "\"
1873 SAY “/*
13,8 SAY "déeééea..
13,18 SAY " *
13,21 SAY "eééceccee”
13,30 SAY CHR(26}
13,31 SAY "
13,52 SAY CHR(27)
13,53 SAY “"deececsbcechbeepesey"
14,35 SAY CHR(?5)
14,48 SAY CHR(24)
set color to gr+/b,gre/b
@ 15,13 SAY "Intake Filter"
set color te w/b
@ 15,48 SAY "au "
@ 15,64 SAY "*"
set color to gr+/b.gr+/b
@ 16,14 SAY "Elem.»
@ 16,21 GET filtlele PILTURE "99.9999" valid eff(filtlele,"filtlele")
set color to w/b
R 16,48 SAY "o "
@ 16.64 SAY "("
$¢. ¢ °r to gr+/b,gr+/b
@ .7 5 SAY "Org."
B 17, ., SAY "«
@ 17,21 GET filtlorg PICTURE "99.9999" valid eff(filtlorg,"filtlorg")
set color to w/b
@ 17,44 SAY "eeseoeseel”
@ 17,64 SAY "**
set color to gr+/b.gr+/h
@ 18,14 SAY "Part. "

1
t
11
11
11
11
11
11
t

$
e
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@
e
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@




# 18,21 GET filtlpart PICTURE "99.9999" valid eff(filtipart,"filtlpart”)
set color to w/b

@ 18,43 70 19,44

@ 18,47 70 19,48

@ 18,52 10 19,53

set color to g+/b,9+/b

return

procedure set defaults
* carries information for current record forward to next record...
numlefts=num fielos
append blank
do while numleft>0
skip -1
fid«field(numleft)
store_prev[numleft]«8f1d
skip
replace &fld with store prev[numleft]
numleftenumleft-1l
enddo
replace tstepbeg with tstepend
return

procedure select file

* this procedure selects a database file to create or edit
* places file in use in select area |

~et color to Astd

rw=16

num=adir(®*.dbf"

declare dbf file[num)

adir("*.dbf" ,dbf file)

asort(dbf_file)

old color=setcolor()

save screen

declare bar{num+3],sel{nums3)

bar [1 « ' Select a file:’

bar (2] » " '

bar [3

cnt=0

sel{1]e.F,
sel(2]=.F.

1f whattodo «'C’
sel[3]=.T.

else

sel[3]=.F.
endif

do while cnt<num
bar [cnt+d] =’ “+dbf file[cnt+])
sel{cnt+d]= T,
cnt=cntsl

enddo

set color to &shadow
if numeliO
rwsnum+6

endif

@4,31 to rw,3l

« ' <create>’
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old color=setcolor()
set color to &shadow
4,52 to 9,77
0&.76 to 5,76

set color to &pup
ne:gggotco-nchoico(s ,50,8,75,bar, sel, "puphandler”,3)
Xe
do case

case menuchoice=4

x=x*, 0004717

case menuchoicesb

X=x* 0283

case menv hoice=6

x=x/60

endcase

replace &fld with x
restore screen

set color to &cld_color
return T,

function area

parameter x,fld

num=fieldnum(&fld)

if (recno()>1) .and. (lastkey()=5 .or. lastkey()=24)
return T,

endif

save sceen

doc1|re bar[‘

bar ' Select desired units:’
bar

bar 4 ' square feet’

bar ' square meters’

doclure sel(d‘

el b
sel(3)e.T

sel(d)«.T,

old color=setcolor()
set color to &shadow

24,52 to 7,77

04,76 to 7,7

set color to &pup

menuchoice=achoice(3,50,6,75,bar,sel, "puphandler",3)

x=4f1d

do case

case menuchoice=4
x=x*.0929

andcase

replace &f1d with x
restore screen

set color to &old color
return .T.

function volume

parameter x,fld

nuw+fieldnum(&f1d)

if (recno()>1) .and. (lastkey()=5 .or. lastkey()=24)
return . T,
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endif
save screen
daclare bur[d]

bar ! Soloct desired units:’
bar -

bar = ' cubic feet’

bar « ' cubic meters’

declaro sel[4)

sel[l]=.F.

sel[2]=.F.

sel(3)=.T.

sel(d4]=.T.

old Lolor-sotcolor()
set color to &shadow

04,52 to 7,77

04.76 to 7.76

set color to &pup

menuchoice=achoice(3,50,6.75,bar,<c1, "puphandler” 3)

x=4f1d

do case

case menuchoice=4
x=x*.0283

endcase

replace &fld with x

restore screen

set color to &old color

return .T.

function velocity

parameter x,fld

~um=fieldnum(&fid)
" {recno()>1) .and. (lastkey()=5 .or. lastkey()=2¢)
eturn .T

encif

save screen

declare bar(6]

bar l = ' Select destred units:’
bar LTS

bar « ' ft/min’

bar = ' ft/sec’

bar ] « " miles/hour’
bar = ' meters/sec’
declare sel(6]

selfl]= F

sel 2]-

sel[3

sel[d

sel[5

sel[6])= T

old couor-setcolor()
set color ts &shadow

@4,52 to 9,7

84,76 to 9,76

set color to &pup

menuchoice=achoice(3,50,8,75,bar,sel, "puphandler”,3)
x=&fld

do case

case menuchoice=4
x=x*.00508

case menuchoice=5



x=x* 3048

case menuchoice=6

xex* 4476
endcase

replace &f1d with x
restore screen

set color *o kold color
return T,

function eff

parameter x,fld

num=fieldnum(&fid)

if (recno()>1) .and. (lastkey()=5 .or. lastkey()=24)
return . T.

endif

save screen

declare bar(&]

bar : Select desired units:

bar

bar 4 " Percent’

bar " Fraction’

dec)are sel(d]

sel(]l]=.F.
sel[2]=.F.
sel[3]=.T.

sel[d]=.T.

old color-sctcolor()

set color to Ashar' w

64,52 to 7,77

4,76 to 7,76

set color to &pup

me::ggoice-lchoice(a ,50,6,75,bar,sel, "puphandler”,3)
Xe=

dy case

case menuchoice=4
x=x/100.0

endcase

replace 2f)d with x
resto - .coeen

ot coy¢y to &old color
return .T.

functirn dist

pariueter x,fld

num-fieldnum(lf]d)

if (recno()>1) .and. (lastkey()=5 .or. lastkey()=24)
return .T.

endif

save screen

declace bar(4)

bar [1] « ' Select desired units:’

par 2] « !

bar " feet’
bar " meters’
declare se1[4]
selfl]=.F.
sel{2]=.F.

sel(3]=.T

ol A
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* handles screen editing for pop up valids and gets
-

parameters mode,curelem, relpos
1f mode«3
do case
case lastkey()=13
rets]
case lastkey()=27
rets0
otherwise
rete?
endcase
else
rete?
endif

return ret
LA I RS R i i 22

A-24



APPENDIX B
CONHAB CODE LISTING



OO0 00D
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Lan I o 3 o |

............................................................

COMHAB

A PROGRA* " CALCULATE CONTROL ROOM DOSES DUE TO A POSTULATED
RELEASE .. ON PRODUCTS

Calls sguroutines located in file READDATA.FOR and BLDGWAKE .FOR
Principal variables:

CONC(location,nuclide,chemical form): Concentration at each of

the four source locations and the control room volume, Ci/m"3

CIMWT(nuclide): scurce term. Ci/MWt

CUMDOSE (organ): cumulative dose to organ. Rem
CRVOL: control room volume. m*3

DECAY(nuclide): decay rate. 1/hr
DAUGHTER(nuc)ide): 1d number of daughter

DAUFRAC (nuclide): production fraction of daughter
DELTAT: length of time sten. seconds

ELAPTIME: elapsed time in . :conds.

FILTEFF(filter no.,nuclide,rurm) filter efficiency. fraction
FORMFRAC (group, form): form traction.

FLOWRATE (source): flow rate, m*3/s

FACOCC: occupancy factor

GROUP(nuclide): group number of nuclide

OQUTFiLE: number of output file

NUCNAME {nuclide): name of nuclide

TSEND(file): next start time from each source and hourly schedule

CHARACTER*20 DATFILE,NUCFILE,STFILE(4)
CHARACTER*8 NUCNAME(150)
INTEGER DAUGHTER(150),GROUP(150),0UTFILE
REAL OWT
ODIMENSION FLOWRATE(7),CONC(5,150,3),FILTEFF(3,150,3),
" DOSE(6),0CF(150,6),DECAY(150),TSEND(S),
* CIMWT(150),CUMDOSE(6),FORMFRAC(5,3),DAUFRAC(150)
COMMON /MET/ AREA,BHT,RHT,WO,FO,0IST,OHT,U10,1ST1,18T2,XQ
COMMON JFLOW/ TSTEPBEG TSTEPEND FLOHRATE CONC,
FILTEFF,CRVOL,dose,BR,cumdose, TSEND FACOCC

common /nuc/ def, dau hter decay c1mwt GROUP , NUCNAME , FORMFRAC ,
POWER, AUFRAr

COMHON /SYS/ NUMNUC ,NUMSTEPS ,DATFILE ,NUCFILE,STFILE, ISTEP,DELTAT,

ELAPTIME

COMMON /GAS/ g

COMMON /0UT/ OUTFILE

INTEGER WHOLEBODY,SKIN,THYROID,luny,bone,1iver

Initialize some of the variables...

ELAPTIME=Q,
TSTEPBLG=0.

(s
.
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10

50

TSTEPEND=0.
00 § le1,5
TSEND(1)=0.
CONT INUE
00 6 I=1,6
CUMDOSE (1)=0.
CONT INUE
1STEPe]
TSEND(5) =8, 644
00 7 J=1,150
00 7 K=1,5
00 7 Lel,3
CONC(K,J,1)=0.0
CWT INUE

DEFINE CONSTANTS:

WHOLEBODY=1
SKINs2
THYROID=3
Tung=4
benes=5
liver=6
BR«3.47E-04
OUTFILE=11

Go read system information (numnuc,numsteps,...)
sets up datafiles: SYSTEM FLOWS= #2
SOURCE TERMs= #3 #4 48 #9
QUTPUT = ¥
Also reads in nuclide data

CALL READSYS
CALL ECHOIN

Begin looping until 30 days is up
CONTINUE

Check to see what the next time step interval 1.
OLOTIME=ELAPTIME
CALL READDATA
ELAPTIME=TSTEPEND*3600
DO 50 M=].5

IF (ELAPTIME.GT.TSEND(M)) ELAPTIME=TSEND(M)
CONTINUE

IF (TSEND(S5).EQ.ELAPTIME) TSEND(5)~TSEND(5)+8. 64E4

DELTAT=ELAPTIME-OLUTIME
gas=deltat

ISTEP=ISTEP+]



Begin looping thru all nuclides, .,
DO 100 NUCLIDE=],NUMNUC

el elel,

Calculate flows in and out

FLOWOUT=FLOWRATE (1)+FLOWRATE(2)+FLOWRATE(3)+FLOWRATE (4)+
* FLOWRATE(6)

L

Lal

Loop over chemical forms

NFe]
IF (GROUP(NUCLIDE).EQ.1) NFe3
D0 20 I=],NF
a=(FLOWOUT4FLOWRATE (5)*FILTEFF(1,NUCLIDE,1))/CRVOL

o

If a=0, no removal (except decay)

IF ((a.NE.0.0).AND. (A*DELTAT<80)) THEN
CONC(5,NUCLIDE, I)=CONC (5,NUCLIDE, I)*EXP(-A*DELTAT)
ACTIN=(CONC(1,NUCLIDE, 1)*FLOWRATE (1)+CONC (2, NUCLIDE,1)*
FLOWRATE (2) +CONC (3, NUCLIDE, ) *FLONRATE (3)*(1-
FILTEFF(3,NUCLIDE, I))+CONC(4,NUCLIDE, 1)*FLOVRATE (4)*
(1-FILTEFF(1,NUCLIDE,1))*(1-FILTEFF(2,NUCL DE,1)))
CONC (5, NUCLIDE , 1)*CRVOL )
CONC (5,NUCLIDE, 1)=CONC (5,NUCLIDE, T)+(ACTIN/a- (ACTIN/a)*
. : (EXP(-a*DELTAT)))/CRVOL
NDIF

lan B o d o

» % = =

Watch for NaN's as conc gets small...

IF (CONC(5,NUCLIDE, I).LT.1.UE-30) THEN
CONC(5,NUCLIDE, 1)=0.0

ENDIF

Calculate doses based on activities...

DOSE (WHOLEBODY )=CONC (5,NUCLIDE, T)*DCF (NUCL IDE , WHOLE
¢ BODY )*DELTAT/(1173/(CRVOL**.338))

DOSE (SKIN)=CONC(5,NUCLIDE, 1)*ODCF (NUCLIDE, SKIN)*
h DELTAT

DOSE(THYROID)=CONC (5,NUCLIDE, I)*DCF (NUCLIDE, THYROID)
" *BR*DELTAT

DOSE (LUNG)=CONC(5,NUCLIDE, 1)*DCF (NUCLIDE, LUNG ) *BR*DELTAT
DOSE (BONE ) =CONC (5,NUCLIDE, 1)*DCF (NUCL IDE, BONE ) *BR*DELTAT
DOSE(LIVER)=CONC(S,NUCLIDE, I)*DCF (NUCLIDE,LIVER)*BR*DELTAT
Sum doses into cumulative dose variables...

DO 15 NORG=1,6
CUMDOSE (NORG ) =CUMDOSE (NORG ) +DOSE (NORG ) *FACOCC
15 CONTINUE
20 CONTINUE

100  CONTINUE

YYD

I

S

Go write cut time step information to disk and screen...

YO
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CALL STEPOUT

Go decay away nuclides over current time step and add
back in daughters...

CALL DECAYNUC

IF (ELAPTIME/3600..L7.720.) THEN
GOTO 10
ENDIF
--End loop over time (post 30 days at this line)
Go write out summary information to screen...
CALL SUMMARY

CLOSE(OUTFILE)
sToP

END
end of MAIN

.................

SUBROUTINE READSYS
CHARACTER*20 DATFILE,NUCFILE,STFILE(4),DEVICE
CHARACTER*8 NUCNAME(150)

SUBROUTINE TO READ IN SYSTEM DATA
Reads in number of nuclides and time steps, and data file names
Also reads in nuclide data

INTEGER DAUGHTER(150),GROUP(150),0UTFILE
DIMENSION DCF(150,6), DECAY(ISO) FORMFRAC(S ) EE
CIMWT(150),DAUFRAC(150)
COHMON /SYS/ 2U:g¥%MEUNSTEPS JDATFILE,NUCFILE,STFILE, ISTEP,DELTAT,
L
cwmmon /nuc/ dcf,daughter decay,cimwt, GROUP ,NUCNAME , FORMFRAC,
POWER , DAUFRAC
CONhON /0UT/ OUTFILE

WRITE (6,*) ‘CHOOSE AN OUTPUT DEVICE:'

WRITE (6,*)

WRITE (6,*) 'LPT! -+> Qutput to printer’
WRITE (6,*) "CON «+> Qutput to screen’
WRITE (6,*) 'filename --> Output to file’
WRITE (6,*)

WRITE (6,*) ‘Output device: '

READ(S5, ‘' (1A20)' )DEVICE

OPEN(OUTFILE,FILE=DEVICE)

OPEN (2,FILE="CRHSYS.DAT' ,STATUS='0LD’ ,ACCESS="SEQUENTIAL",

g4




*FORM='FORMATTED ')

READ(2,*) NUMSTEPS ,NUMNUC,DATFILE NUCFILE, (STFILE(I),1e1,4)
close(2)

OPEN(2,FILE«NUCFILE,STATUS='OLD’ ,ACCESS='SEQUENTIAL', FORM«
*"FORMATTED' )

C READ IN NUCLIDE INFORMAT]ON

DO 100 N«1,NUMNUC
READ(2,102) NUCNAME (N
READ(2,101)DECAY(N),CIMWT(N)
READ(2,101) (DCF(N,I1),1=!,6)
READ(2,103) 1,GROUP(N) DAUGHTER(N),DAUFRAC(N)
102 FORMAT (1X,A8)
101  FORMAT (1PKE13.6)
103 FORMAT /216,18,E10.3)
100 CONTINUE
CLOSE(2)
OPEN(2,FILE="TIMEIND.DAT’  STATUS="OLD’' ,ACCESS='SEQUENTIAL ', FORMs
* 'FORMATTED')
READ(2,*) POWER, ((FORMFRAC(I,J),J=1,3),1=1,5)
CLOSE(2)

OPEN(2,FILE=DATFILE,STATUS="OLD' ,ACCESS='SEQUENTIAL’ ,FORM=
*'FORMATTED')
OPEN(3 ,FILESTFILE(1),STATUS='0OLD’ ,ACCESS='SEQUENTIAL' , FORM=
*'FORMATTED' )
OPEN(4 ,FILE=STFILE(2),STATUS="0LD’ ,ACCESS='SEQUENTIAL’ , FORMe
*'FORMATTED')
OPEN(8, FILESTFILE(3),STATUS='OLD’ ,ACCESS='SEQUENTIAL', FORM=
*'FORMATTED’ )
OPEN(9, " [LE=STFILE(4),STATUS='OLD’ ,ACCESS='SEQUENTIAL , FORM=
*'FORMATTED')
OPEN(7,FILE="CRHOUT.PRN')
OPEN(17,FILE="CRHPLOTR,DAT’  STATUS="UNKNOWN ')

RETURN
END
¢
£ ...end of readsys
¢
c -----------------------------------------
g SUBRCUTINE CCHOIN
g Subroutine to echo case input information to printer/screen

CHARACTER*20 DATFILE,NUCFILE,STFILE(4)

CHARACTER*8 NUCNAME (150)

CHARACTER PGEJECT

INTEGER DAUGHTER(150),GROUP(150),0UTFILE

DIMENSION DCF(150,6),DECAY(150),FORMFRAC(5,3),
. CIMWT(150),DAUFRAC(150)

COMMON /SYS/ EUMggc.?UMSTEPS.DATFILE,NUCFILE.STFILE,ISTEP.DELTAT.
. LAPTIM

common /nuc/ dcf,daughter decay,cimwt,GROUP, NUCNAME , FORMFRAL
¢ POWER, DAUFRAC

COMMON /OUT/ OUTFILE



ORMF RA
ORMF RAC
FORMFRAC
IRMF RA
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¢ that, decay takes place as above,

CHARACTER*E® NUCNAME (150)
INTEGER DAUGHTER(150),GROUP(150)

OIMENSION FLOWRATE(7),CONC(5,150,3),FI1TEFF(3,150,3),

’ DOSE(6),DCF(150,6),DECAY(150 .TS[ND(B‘.
» CéNUT(lSO).CUMOOSE(&).FORHF C(5,3),DAUFRAC(150),a(5,
® 150)

COMMON /MET/ AREA,BHT,RHT,WO,FO.DIST,OHT,U10,1871,1872,.¢

COMMON /FLOW/ TSTEPBEG, TSTEPEND, FLOWRATE,CONC,

* FILTEFF CRVOL ,dose,BR,cumdose, TSEND, FACOCC

common /nuc/ dcf,daughter,decay,cimwt,GROUP, RUCNIMT, FORMI RAC,

L POWER , DAUF RAT

COMMON /SYS/ NUMNUC ,NUMSTEPS DATFILE,NUCFILE,STFILE,ISTEP,DELTAT,
L ELAPTIME

COMMON /GAS/ gas

Calculate decay

variable A will contain curies of nuclide decayed
Setting daughter(nucnum)=0 for each nuclide will suppress
daughter ingrowth. ..

OO OO 00

deltat=gas
DO 100 N«1,NUMNUC
DO 75 J=1,§
A(J,N)=0,
D0 50 I«1,3
DEKAY=CONC(J,N, I)*(EXP(-DECAY(N)*2.778E-4*DELTAT))
A(J,N)=CONC(J,N,1)-DEKAY

+A(J,N)
CONC(J N, 1)=DEKAY
§) CONTINUE
75 CONTINUE
100 CONTINUVE
¢
¢ Now add in daughters. ..

C
DO 200 Ne1,NUMNUC
IF (DAUGHTER(N) .NE.O) THEN
DO 178 Jal,5
DO 150 [s1,3
CONC(J, (DAUGHTER(N) ), 1)=CONC (J, (DAUGHTER(N) ), 1)+
. A(J,N)*FORMFRAC (GROUP (DAUGHTER(N ) ) , 1 ) GAUFRAC (N)
150 CONTINUE
176  CONTINUE

ENDIF
200 CONTINUE
RETURN
END
C ...end of decay
C
c ........................................ AR R RS R S T T

SUBROUTINE STEPOUT
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i le e

*
*

*

CHARACTER PGEJECT
CHARACTER*20 DATFILE NUCFILE, STFILE(4)
CHARACTER*8 NUCNAME (150)
INTEGER DAUGHTEF 180),GROUP(150) ,OUTFILE
REAL OMT
DIMENSION FLOWRATE(7),CONC(5,150,3),FILTEFF(3,150,3),
DOS£§6) ,DCF{150,6),DECAY(150),TSEND(S),
CIMWT(150),CUMDOSE (6), FORMFRAC(5,3),DAUFRAC(150)
COMMON /MET/ AREA, BHT RHY WO, FO,DIST,OHT V10, lSTl 1§72,XQ
COMMON JFLOW/ TSTEPBEG TSTEP[NO FLOHRATE CONC
FILTEFF,CRVOL ,dose,BR,rumdose, YSEND FACOCC
common /nuc/ def,dau hter decay,cimqt ,GROUP, NUCNAME , FORMFRAC ,
POWER, UFRAC
COMMON /SYS/ NUMNUC ,NUMSTFPZ OATFILE NUCFILE,STFILE, ISTEP,DELTAT,
ELAPTIME
COMHON /GAS/
COMMON /0UT/ UTFILE
PGEJECT=CHAR(12)

WRITE HEADER TO SCREEN

WRITE (QUTFILE,*)PGEJECT

WRITE (OUTFILE,*)

WRITE (OUTFILE,*)'TIME STEP START: ', (Elaptime-DELTAT)/3600.
WRITE (OUTFILE,*) TIME STEP END: ', (elaptime)/3600.

WRITE (OUTFILE,*)

WRITE OUTFILE.')’Bu1Id1ng cross sectional area (m*2): ',area
WRITE (OUTFILE,*) 'Building height (m): ‘,bht
WRITE (OUTFILE,*)'Release height (m): ‘,rht
WRITE (OUTFILE,*) Effluent vertical velocity (m/s): ‘W0
WRITE (OUTFILE,*) 'Effluent flow rate (m*3/s): ' FO
WRITE OUTFILE.‘)'Hor1zont|1 distance to receptor (m): ',dist
WRITE (OUTFILE,*) 'Air intake height (m): ",oht
WRITE (OUTFILE,*) 'Windspeed (m/sgz "yul0
WRITE (OUTFILE,*) 'Vertical dispersion class: ‘L istl
WRITE (OUTFILE,*) 'Horizontal dispersion class: ',ist2

WRITE (OUTFILE,*)
WRITE (OUTFILE,*)'Flow in from unfiltered source ! (m*3/s): ',
flowrate(])
NRITE (OUTFILE,*)'Flow in from unfiltered source 2 (m*3/s):
flowrate(2)
HPITE (OUTFILE,*)'Filtered intake flow source 1 (m*3/s): “
flowrate(3)
HRITE (OUTFILE,1020)‘Filter efficiency #1 (ele,org,part frac):
(filteff(3 59,1),1=1,3)
HRITE (OUTFILE,*) 'Recirculation flow rate (m*3/s): "y
flowrate(S)
HR[TE (OUTFILE,1020) 'Recirc filter efficiency (e,o0,p frac):
(fi]teff(l §9,1),1+1, 3)
HR TE (OUTFILE,*) 'Filtered intake flow 2 (feeds recirc): a
flowrate(4)
HRITE (OUTFILE,1020) " Intake 2 filter efficiency (e,0,p frac):
(Filteff(2,59,1),1«1,3)
NR!TE (OUTFILE,*) Bottled air flow rate (m*3/s):
flowrate(6)

SR
Bt

'



WRITE (OUTFILE,*) 'Control room volume (m*3): E
. crvol

WRITE (QUTFILE,*)

WRITE (OUTFILE,*)

WRITE (OUTFILE,1000)'CUMULATIVE DOSE’

WRITE (OUTFILE,1008)

WRITE (OUTFILE,1010)

WRITE (OUTFILE,*)

WRITE (OUTFILE,1045) ELAPTIME/3600.,(CUMDCSE(1),1=1,6)
WRITE (17,1050)ELAPTIME/3600., (CUMDOSE(i),1=],6)

1000 FORMAT (32X.A154
1005 FORMAT(1X, END TIME',1X,’ WH BODY ',1X,” SKIN ', 1X,

* ' THYROID ', IX,

. ‘ LUNG ‘,IX,' BONE ‘,IX,’ LIVER ')
1010 FORMAT/('Y ' HOURS ',6(' REM ))
1020 FORMAT (1X,A42,3(F6.4,5X))
1045 FORMAT (1X,1PE9.3,6(1X,1PE9.3)"
1050 FORMAT (7(1X,0¢F1€.8))

RETURN

END

end of stepout

LA AR RS S S R R

........................................

SUBROUTINE SUMMARY

CHARACTER*20 DATFILE,WUCFILE,STFILE(4)
CHARACTER*8 NUCNAME(150)
INTEGER DAUGHTER(150),GROUP(150) ,NUMSTEPS ,QUTFILE

" AL OHT
v ' _NSION FLOWRATE(7).CONC(5,150,3),FILTEFF(3,150,3),
" DOSE(6),DCF(150,6),DECAY(150), TSEND(S),
e CIMWT(150),CUMDOSE (6), FORMFRAC(5,3),DAUFRAC(150)

COMMON /MET/ AREA,RHT,RHT,W0,FO,DIST,OHT,U10,18T1,18T2,XQ

COMMON /FLOW/ TSTEPBEG,TSTEPEND, FLOWRATE, CONC,

* FILTEFF,CRVOL,dose,BR, cumdose, TSEND, FACOCC

common /nuc/ dcf,daughter,decay,cimwt,GROUP, NUCNAME , FORMFRAC

’ POWER , DAUFRAC

COMMON /SYS/ NUMNUC,NUMSTEPS,DATFILE,NUCFILE,STFILE, ISTEP,DELTAT,
*

£l APTIME

COMMON /GAS/ ga.
COMMON /OUT/ OUTFILE

ITEMP=QUTFILE
WRITE SUMMARY TO QJTPUT DEVICE AND TO SCREEN
00 10 i=1,2

WRITE (OUTFILE,*)

WRITE (OUTFILE,*) ’ SUMMARY

WRITE (OUTFILE,*)

WRITE (OUTFILE,*) ' ORGAN "' DOSE (REM)’
WRITE (OUTFILE,*) 'WHOLE BODY DOSE: ’,CUMDOSE(1)
WRITE (OUTFILE,*) ’'SKIN DOSE: ", CUMDOSE(2)
WRITE (OUTFILE,*) 'THYROID DOSE: ' ,CUMDOSE(3)
WRITE (OUTFILE,*) “LUNG DOSE: ",CUMDOSE (4)
WRITE (OUTFILE,*) 'BCNE DOSE: *,CUMDOSE (5)
WRITE (OUTFILE,*) ‘LIVER DOSE: ", CUMDOSE (6)

WRITE (OUTFILE,*)
B-9



WRITE (OUTFILE,*) '--> End of calculation <--'

IF (OUTFILE.NE.6) THEN
WIFILE=6

ELSE
RETURN

ENDIF

10 CONTINUE
RETURN
END

oo

........................................

SUBROUTINE READDATA

Subroutine to read in flow and met data and source d>.a

as necessary, based on wiiether istep equals a st>. ¢ time
in one or more of the data files. Recal)l #2 ‘; flow data,
#3 and #4 are FPFP data, and #8 and #9 are 1ACTS data.

FPFP data must be decayed after it i1s read in, aad also
must be forced into the 5 group divisions and 3 chemica)
forms.

TACTS data is read in directly. It is the users responsibility
to make sure that such things as chemical form fractions and
power level are kept constant in all data files.

OO OO0 O0 OO0

CHARACTER*20 DATFILE ,NUCFILE,STFILE(4)

CHARACTER*8 NUCNAME(150)

IMTEGER GROUP(150),DAUGHTER(150)

REAL CHT,mpf, IFRAC,NOBLEFRAC

DIMENSION FLOWRATE(7),CONC(5,150,3),FILTEFF(3,150,3),

b DOSE(6),0CF(150,6),DECAY(150),TSEND(S),FILT(3,3),

» CIMNT(150), CUMDOSE(G; FORMFRAC(5,3),dausrac(150)
COMMOM /{ET/ AREA, BPT RHT,WO,FO,DIST,OHT,U10,ISTL,IST2,XQ
COM /FLOW/ TSTEPBEG TSTEPEND FLOHRATE CONC

FILTEFF, CRVOL dose BR,cumd-ose, TSEND facocc
comrun /nuc/ dcf,daughter,decay, cimu'. RUUP , NUCNAME , FORMFRAC ,
POH£R deufrac
COMHON /SYS/ NUMNUC,NUMSTEPS ,DATFILt ,NUCFILE,STFILE,ISTEP,DELTAT,
ELAPTIME
COMMON /FIL/ NUMFILE

IF (ELAFTIME.GE.TSTEPEND*3600.) THEN
CALL READCRM
ENDIF

DO 100 NUMFILE=1,2
IF (ELAPTIME .GE.TSENDINUKFILE)) THEN
CALL READFPFP
END ~
100 COK’ INUE

DO 200 NUMFILE=3,4
IF (ELAPTIME.GE.TSEND(NUMFILE)) THEN




I

OO0 OO0

OO N oo

200

*
*

% % % % % @&

CALL READTACT
ENDIF
CONTINUE
RETURN
END

SUBROUTINE READCRH

CHARACTER*20 DATFILE NUCFILE,STFILE(4)
CHARACTER*8 NUCNAME(150)
INTEGER GROUP()50),DAUGHTER(150)
REAL OMT,mpf, I"RAC,NOBLEFRAC
DIMENSION FLOHRATE(?; ,CONC(5,150,3),FILTEFF(3,150,3),
DOSE(6),DCF(150,6), DECAY(lSO) TSEND(S), FILT 3.3),
Cl (150) CUNDOSE(s,.FORNFRAC(S 3), daufrac 150)
COMMON /MET/ AREA, BHT RHT,WO0,FO,DIST,OMT, V10, lSTl 1§72,XQ
COHNON /FLOW/ TSTEPBEG TSTEPEND FLOHRATE CONC
FILTEFF, CRVOL dose,BR, cundose TSENO facocce
counon /nuc/ def, daughtor docny cimwt , GROUP, NUCNANE FORMFRAC,
POHER daufrac
COHMON /SYS/ gungge yNUMSTEPS,DATFILE ,NUCFILE,STFILE, ISTEP,DELTAT,
LAPTTME
COHMON /GAS/ gas

TSTEP is in heurs, istep is in seconds...

read(2,*)AREA,BHT,RHT,WC,FO,DIST,OHT,U10,
IST1, lST2 YSTEPBEG TSTEPEND FLOHRATE(I) FLOWRATE(2),
FLOHRATE(G) FILT(3,1),
FILT(1,1),FILT(2,1), FLOHRATE(3) FLOWRATE(S) ,
FLOHRATE(Q) §T1,872,
ST3,STFILT], STFILTZ STFILT3,CRVOL,FILT(3,2),
;:Egég 1) FILT(l 2),FILT(1, 3) FlLT(2 2), FILT(Z 3),

Now need to set up the array filteff() for each nuclide...
halogens(form)=filt(form)
nobles()=0.
Na,solids,Pu(form)=filt(particulate)

D0 10 Ne: NUMNUC
[F (GROUP(N).EQ.1) THEN

B-11



CONC(5,1
y VA ‘;5:'6‘}.{
0 ) , CUMDOSE (
BHT . RHT . WO

PBEG.TSTEPE




daug

tH,Ca
y NUMS
[ M}




READ(NUMFILE+5,1000) NAME, IGRP,CI
IF $NAHE.EQ.' END'Z THEN
SEND (NUMF ILE)=CI*3600.

RETURN

ENDIF

IF (IGRP.EQ.1) THEN
READ(NUMFILE+5,1000) NAME,IGRP,CI2
READ(NUMFILE+5,1000) NAME, IGRP,CI3
CleCl+C12+C13

ENDIF

Now find name in nuclide 1ist and retrieve index number

DO 10 J=1,122
IF (NAME.EQ.NUCNAME(J)) GOTO 11
10 CONTINUE
11 NC=J

Now convert to concentration as follows...
(Q(C1)*x/Q(s/m"3)/[windspeed(m/s)*distance(m)])
At the same time, multiply by form fractions

DO 250 [-],3
CONC (NUMFILE,NC,1)=(CI*XQ*UI0/DIST*
* FORMFRAC(IGRP, 1)) -CONC (NUMFILE,NC,1)
WRITE (6,*) NAME,CONC(NUMFILE,NC,I)
250 CONTINVE

300 CONTINUVE

OO OO

C
C
1000 FORMAT (1X,A8,2X,110.F16.8)
return
end
¢ ...end of readdata
C
FUNCTION WMOD(AREA,BHT,RHT,WO,FO,DIST,OHT,U10,1ST1,18T2)
C
C FUNCTION WMOD
C
C COMPUTES DIFFUSION ESTIMATES FOR RELEASES IN
C BUILDING WAKES
C
C RCF. RAMSDELL, NUREG/CR-5085
C
C INPUT:
C BLOG AREA - AREA
C BLDG HEIGHT - BHT
C RELEASE HT - RHT
¢ EFFLUENT VERTICAL VELOCITY - WO
C FLOW (M*3/SEC) - FO
C HORIZ. DIST TO RECEPTOR (M) - DIST
G RECEPTOR HEIGHT - OMT
C WIND SPEED AT 10M - UI0
C VERT DIFF CLASS - ISTI
C HORIZ DIFF CLASS - IST2
C

B-14



wMOC X/0 IN S/M*3

I
-
—
£
>

[4
N 0
#]
N W "‘(v
A
ARel )

SSIGMA (DIST,ISTi,1872,S1GMAZ,SIGMAY)

JMED=PI*STGMAY*S IGMAZ*U]

)
TING DISTANCE

.
FOR WAKE EMAANCEMENT TO DIFF RATE

(RHT-OHT)
1(XS$,20.0%CL)
C**CU*SQRT(FLOAT(IST1) ) *AREA**CA*XSL**CX
: FO+PLUMED+1 . 0/BMOD)

I[F (WO .GT. O AND. RHMT .GE. BHT) THEN

SPLIt H MODEL

ALL PROFILE(U10,1S7
1

CAL Ul0, 1 1 . RHT.RHU)
PLUMED=PI*STGMAY*S IGMAZ*RHU
VEXPEXP(-0.5*(RKT/SIGMAZ )**2)
EMOD=YEXP/PLUMED
WR«W0 /RHU
(WR .GT, 1.0) THEN
MPUTE FRACTION OF TIME PLUME
(WR .LE. 1.5) THEN

WFe2 58-1 SB*WK

N
=
=
p o
“x

ELSt " { §5.0) THEN
wWF«0,3-0 05*WR
Wt (
!

tNDLE

“MOD=(].0-WF)*EMOD+WF*WX0Q

PLUME 1S IN WAKE ALL OF THE TIMt

PLUME 1S EMTRAINED IN WAKE

WRITE (6,%) "WMOI , WMOD

BROUTINE SSIGMA(X,STABZ,STABY,SIGMAZ,SIGMAY)

: Al 3) .t 3 §07,3
N 4 1 " TARY
& ¢ 3 1A 1NAL L \ "
f ¢ | l 1471,.1046,.0722, .048]




A2/.19%,.156,.116,
00066, .0382, .113,
00024, 055, .11

32/.936, .922, .905,

941,1.149, .911,.
094,1.098, .61
.D..0..06..0..08

29
C/

[SY=STABY
IF(STABY .LT. 1 .OR. ST
S{GMt\Y:f.Y‘_. {Sy.\’.)" 9:?‘
[F (X.LE. 100.) THEN

CTAL

{AD

{ o i

& f . \ |",{N
R7(CTAR
*X**BZ(STAB

) THEN
*X**BZ(STABZ,3)+(;

5;"‘-:)“ ’NL F.RQ; ILE ( W’L

DIMENSION MOL
DATA MOL
Pl=3.14159
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APPENDIX C

CHEM CODE LISTING




SRR R R R

FORMe«

. FORM«




If a=0, no removal (except decay)

IF (A.LT.-88.) A«-87
IF (A.GT.88) A«87
IF (a.NE.0.) THEN
ACTIN=(CONC (ISTEP)*FLOWRATE (1)+CONC(ISTEP)*
. FLOWRATE (2)+CONC (ISTEP)*FLOWRATE (3))
IF (ISTEP.EQ.0) THEN
CROLD=0.
ELSE
CROLD=CRCONC (ISTEP-1)
ENDIF
CRCONC (1STEP)=CROLD*EXP( - a*DELTAT)+
. (ACTIN/a- (ACTIN/a)* (EXP(-a*DELTAT)))/CRVOL

o

ENDIF

Calculate EXPOSURE AND MEAN. ..

IF (lSTEP.E0.0% EXPOS(ISTEP&-CRCONC(lSTEP)'DELTAT
IF(lSTEPngig% XPOS(ISTEP)=EXPOS(ISTEP-1)+CRCONC(ISTEP)™
MEAN(ISTEP)=EXPOS(ISTEP)/((ISTEP+1)*DELTAT)

oo lalel

»

C
200 CONTINUE
Go write out summary information to screen...

OPEN(7,F1LE="CRHPLOTC .DAT")
WRITE (6,3010) TIME’, CONCENTRATION', EXPOSURE ', 'MEAN CONC'
WRITE (6,%020}'min’,'g/m*3',’g*s/m*3’,"g/m*3’
DO 300 ISTEP=0,1-1
WRITE (6,*) TIME(ISTEP),CRCONC(ISTEP),EXPOS(ISTEP) ,MEAN(ISTEP)
WRITE (7,3000)TIME(ISTEP),CRCONC(ISTEP) EXPOS(ISTEP) MEAN(ISTER)
500 CONTINUE
3000 FORMAT (1X,4(0PF16.8))
3010 FORMAT (8X,A4,9X,A13,5X, A8,9X,A9)
3020 FORMAT (8X,A3,14X,A5,10X,A7,10X,AS)
STOP
END

C
¢
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) l~.,;‘f‘N KM i .‘,”~ “"'u

PLOTTING PROGRAM FOR OUTPUT FROM CONHAB
" REQUIRES SOME FORM OF GRAPHICS ADAPTER

* UTILIZES FLIPPER GRAPHICS ROUTINES

edar
prt='N
@5 say 'Send graph to printer et prt
read
lear
4 ;:'$ Yy
€1,]1 say "Highlight your printer and hit retus
]
jeclare prnt|[75]
af '|‘.vyv.'“\
fny f o 4 '("

4 'l'.‘va;"\‘\“{j‘\ ‘va{'\
lt,]’
prtr=achoice(3,30,20,50,prnt)

? “t‘:‘,’

endif
FLIP INIT(6000
car
mdl30«'N
@7,! say ‘Do you have an IBM PS-2 Model 30 (Y/N)? get mdl30
read
'mv"'*:S Ty
et disply(3
qraphmode(9)
("~)"'
»
)
min fh=font open("rmn8 17.@")
max fh=FONT OPEN( RMN8 21.@")
m=font open("rmn8 12.0")
N .
INITDATA(4)
< YPE(1,?2
et type(d,2)
- » ~ -
et typeld,<d)
*set type(4,2)
tset type(5,2)
*
USE CRHOUT ., DBF
Sa ¢
LAr
APPEND FROM CRHPLOTR.DAT DEL! WITH BLANK
i GO TOf
We(
=()
TM=0
DO WHILE .NOT. EOF()
f (wb<o( and. (sk<>0).and. (th<>0
TORE DATA(X,WNB,SK,TH)
» 1 4
s K1}




ENDDO

set_miss(2)

set “mvalue(.0001)
set nstylo 1)

SET _YLOG(1)

G LABEL("Dose versus Time")
x_label("Time (hours) )
y_label("Dose (rem)")

set_legend(1,"Whole Body")
set_legend(3, ‘Thyroid )
set legend(2,"Skin")

set_siyle(2,2
set_style(3,3

set_In_pat(0,
set_In pat(2,
set 1n pat(3,

SET_G_FONT(max_fh)
SET_S_FONT(min fh)
S°t "1 font(min fh)

set_arca(0.0.BO.lOO)

set grid(0)

PLOT()
fay_lqgend(atx(el,Z).aty(zs.Z).l.O)

)
)
6)
0)
0)

if prt$'yy’

prt_stat(l)

prt_size(7,6,1)

p;t :creon( pra‘,prtr, ‘prx.tbl’,atx(0,2),aty(0,2),atx(100,2),aty(100,2))
ejec

endif

lnkey(O)

TEXTMODE ()

*
*

INITDATA(4)
SET_TYPE(1,2)

o top

WHILE .NOT. EOF()
STORE DATA(X,NB,SK,TH)
SKIP
ENDDO

D-?



set_yside(0,1)
y_label2(" ")

set yside(0,0)
G_LABEL("Thyroid Dose"
x_label("Time (hours)"
y_label("Dose (rem)")

set_1n_pat(0,6)
set yskip(2)
SET_G_FONT(sm)
SET_S_FONT(sm)
set 1 font(sm)
*

set_type(2,0)
set_type(1,0)
set_area(0,0,48,48)
set grid(0)

PLOT()

set_area(52,0,100,48)
set_type(l,2)
set_type(2,0)
sot_typc(!.og

g_label ("Whole Body Dose")

pTot()

set_area(0,52,48,100)
set type(3,0)
set_type(l,0)
set_type$2.2)

g label("Skin Dose")
gTot()

if pre$’yy’

prt_size(6,8,1)
prt_screen('prn'.prtr,'prx.tb]".atx(O.Z).aty(O,Z).atx(lOO.Z),aty(lOO.?))
eject

endif

inkey(0)
*

TEXTMODE( )
RETURN



APPENDIX E

CRHPLOTC CODE LISTING



PROGRAM CRHPLOTC.PRG

A PROGRAM TO PLOT THE OUTPUT FROM CHEM
USES FLIPPER GRAPHICS ROUTINES
FLIP_INIT(6000)

*
*
*
"
*
*
F
clear

prt.lNl

@5,1 say ‘Send grapn to printer? * get prt
read

if pre$‘yy'
@1,] say 'Highlight your printer and hit return...’
declare prnt??S]
afill(prnt,"")
for i=1 to 75
prat[i)=prt_load(i, 'prx.tbl’)
next 1
prir=achoice(3,30,20,50,prnt)
clear
endif

clear
md130="'N’
®7,1 say ‘Do you have an IBM PS-2 Model 30 (Y/N)? ' get md130
read
if md1308 Yy’
set_disply(3)
gmsgraphmode (9)
endif
min_fh=font open("rmn8_17.6")
max “fheFONT OPEN("RMN8 21.0")

lNlTDATA(4)

SET_TYPE(1,2)
set type(2,2)
set “type(3,2)

gsg CRHOUTc . DBF
A
aPPEND FROM CRHPLOTC,DAT DELI WITH BLANK

0
80 WHILE .NOT. EOQF()
if conc=0.0

conc=,000000]
endif
if exp=0.0

exp=,0000001
endif

if mean~0.0

mean=, 0000001
endif
STORE DATA(X,conc,exp,mean)

SKIP
ENDDO

set_ylog(l)




£ Sy

LABEL("Toxic Gas Analysis'
x label("Time (hours)")
y label("Concentration (g/m*3)")

legend |
legend
style(
{
\

1,"Concentraticon”)
3,"Mean Conc.")

D ™ /
B = =

set yskip(10)
set xskipl(3)
et In pat(0,6
set In pat(3,0)
et V‘,";}f"‘\‘.A:
set yside(2,1)
et yskip(10)
set Y | 04 1)
y label2("Exposure (g*sec/m*3)")
" '\.Y ) 23
x set legend(2,"Exposure"

et In pat(2,0
“é | (. | {Mmax th)

EN SET S {min fh)
set | (min fh)
*
set area(0,0,100,100)
PLOT()

say legend(atx(51,2),aty(60,2),1,0

N

i ;r‘fs Yy

prt stat(!

prt size(7,¢

prt screer pri "" prx. tt atx( ¢ atyloQ, ¢ atx(100,: aty(iC
endayt

wait

textmode

returs
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NUCLIDE FILE ICRP.02






i b i ki 4 o e o B e it e e

5.2500008+01

16 Z
RB 89
3.,629000E~03
0.0

17 3
ER B9
1.588000E-07
0.0

ie 3
RB 90

3,982000E~03
0.0

19 3
S8R 90

8.020999E-10
0.0

20 3
Y 90
2.993000E~06
0.0

21 3
§R 91
2.005001E~056
0.0

22 3
Y 91M
2.292000E-04
0:0

23 3
X 91
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APFENDIX ]
SAMPLE OUTPUT FROM CONMAB



Control Room Mabitability Progran

NPUT DATA FILES FOR THIS CASI
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~PPENDIX J

SAMPLE OUTPUT FROM CHENM







0000000¢ 11130132604 0.10532617
00000000 0487453 1E-04 0.10585054
00000000 89710243€-05 0.10634539
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