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ABSTRACT

This report provides a method of calculatingcontrolroom operatordoses

from postulatedreactor accidentsand chemicalspills as part of the

resolutionof TMI Action Plan III.D.3.4. The computercodes contained in this

report use source concentrationscalculatedby either TACT5, FPFP, or EXTRAN,

and transportthem via user-definedflow rates to the control room envelope.

The codes computedoses to six organs from up to 150 radionuclides(or I toxic

chemical)for time steps as short as one second. Supportingcodes written in

Clipper assist in data entry and manipulation,and graphicallydisplay the

results of the FORTRAN calculations.
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PREFACE

Under NRC contract number NRC-03-87-029,ScienceApplicationsInternational

Corporation(SAIC)has been tasked to 'developbases for propo._;edreview

proceduresand acceptancecriteria,with supportingdocumentation,sufficient

to permit revisionof the StandardReview Plan in such a manner as to correct

all known objectionsto the currentCRHS review.' This report provides a

method of calculatingcontrolroom operatordoses from postulatedreactor

accidentsand chemical spillsas part of the resolutionof TMI Action Plan

III.D.3.4. The computer codes containedin this report use source

concentrationscalculatedby either TACTS, FPFP, or EXTRAN,and transportthem

via user defined flow rates to the controlroom envelope. The codes compute

doses to six organs from up to 150 radionuclides(or I toxic chemical)for

time steps as short as one second. Supportingcodes written in Clipper assist

in data entry and manipulation,and graphicallydisplay the resultsof the

FORTRANcalculations.



I. INTRODUCTION

General Design Criterion (GDC) 19 requires that every plant have a control

room that is protected from "accident conditions, including loss-of-coolant

accidents." To determine whether or not an applicant's plant complies with

GDC19, the NRCstaff performs an assessment of the plant's control room

habitability system (CRHS) using Section 6.4 of the Standard Review Plan (SRP)

"Control RoomHabitability System." Control room protection is the subject of

TMI Action Plan III.D.3.4, "Control Room."

Concerns have been raised by the NRCstaff. The concerns may be divided into

four components using a systems approach: (a) the challenges to control room

habitability, (h) the effectiveness of design features of control room

habitability systems 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 GDC19. This report will address components (b) and (d) by

providing a computer based model of the CRHS, and, using source insults

calculated by the Fission Product Flow Path code, TACT5, and EXTRAN,by

computing doses or exposures to control room occupants from radionuclides or

toxic gases.

The new model represents an attempt to provide a more realistic evaluation of

control room protection than the steady-state Murphy-Campe model (reference I)

used by the NRCin past control room habitability evaluations. The steady-

state model is believed to be more conservative in most cases than a time

dependent model. The new 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 calculation (reference 7).



2. HETHODOLOGY

The proposedmodel can be broken into three subsections;source term

quantification,transportto the controlroom envelope,and CRHS

effectiveness.

2.1 SOURCE TERM QUANTIFICATION

The sourceterm for controlroom habitabilityanalysiscan be broken into two

classes,radiologicalandchemical. Obviously,radiologicalsourceswould be

used in calculatingdoses to the control room occupantsfrom postulated

reactoraccidents,and chemicalsourceswould be used to evaluate toxic gas

exposuredue to onsite or offsitechemical spillsor releases.

The radiologicalsource proposedfor use is the standard"TID 14844" source

term, which is based upon direct ratios of reactorpower levels to determine

core radionuclideconcentrations. StandardRegulatoryGuide 1.3 and 1.4

assumptionsare used to determinechemicalform, plate out factors, and

releasefractions. As new sourceterm informationfrom ongoing research

becomesavailable,the model can be easily updated.

2.2 TRANSPORTTO CONTROL ROOM ENVELOPEBOUNDARY

The transportof the source term to the control room boundarycan occur either

throughthe plant; for example,ducts, rooms, and penetrations;or throughthe

atmospherefrom the point of releaseto the point of entry into the control

room boundary,for example, containmentleakageor stack releases. For

radiologicalcalculations,the FissionProductFlow Path (FPFP)code

(reference3) is used to calculatethrough-planttransportof radionuclides,

and TACT5 (reference4) is used to calculatetransportof radionuclidesup to

the point of release to the atmosphere. The CONHAB code discussed later

incorporatesthe dispersioncalculationrequiredto calculatethe

concentrationsat the air intakes. For toxic chemicalcalculations,the
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EXTRAN code will transpo_rtvapors from the point of releaseto the control

room air intake.

The use of these codes is discussedin the respectivereferences,and will not

be discussed here, other than how they interfacewith the new model.

2.3 CONTROL ROOM HABITABILITYSYSTEM EFFECTIVENESS

lt is beJievedthat most existingcontrolroom habitabilitysystemscan be

modeled by a combinationof one or more of the followingsystems:

1) Cor_trolroom pressurizationby filteredoutsideair can be used to

reduce the ingressof contaminatedair.

2) The control room air can be recirculatedthroughfiltersto remove

contaminationalready in the controlroom volume.

3) Multiplewidely separatedair intakescan be monitored,and air from

the least contaminatedused to ventilatethe control room.

4) Compressedair can be used to either pressurizethe control room, or

through breathingmasks, supply uncontaminatedair to the occupants.

5) The control room can be sealedto minimize the entrance of

contaminants.

Any combinationof these at any given time can be modeled by the diagram

presented in Figure I. Note that Figure I provides for four separate pathway_

into the controlroom volume,two throughcontrol room air intakeswhich

presumablytake air from the atmosphere,and two 'user defined' pathwayswhich

can model other modes of ingresssuch as adjoiningrooms, penetrations,

swingingdoors, etc. For radiologicalcalculations,the proposed model will

use a TACT5 calculatedsource to one or both air intakes,and an FPFP source

to one or both of the 'user defined'sources. For toxic chemical
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calculations, the model will use a source calculated by EXTRANto any or all

of the four pathways.

Most, if not all, plants realign their system from a tnormal' ventilation mode

to an t accident' mode either automatically oY manually through procedure in

the event of an accident. Realignments can also occur throughout the course

of the accident. Therefore, the parameters appearing in Figure I could change

at any time during the thirty day period of interest. Additionally, it is

anticipated that the source term at the control room boundary will change over

the course of the accident. The dose calculation is therefore broken into

time steps, the beginning and ending times being determined by the time at

which any of the modeled parameters change.

2.4 MATHEMATICAL_YREATMENT

For each time interval,the controlroom air concentrationfor each

contaminantis determinedas follows:

Let A(t) represent the activity of a particular nuclide (in curies) at time t

in the control room.

Then the rate at which the activity of this nuclide changes is given as

d_A__t___:(rate of nuclide ente_ing)-(rate of nuclide leaving)

dt

Referring to Figure I, let Cn represent the concentration (Ci/m^3) at source

n, Fn the flow rate (mA3/s) from source n to the control room, and Nn the

filter efficiency of filter n for the nuclide in question, then the rate

entering the control room from the plant and environment becomes'

Rin:Ci FI+C2F2+C3F3(i- N3)+C4F4(I-N 4) (I-N s)



From Figure I, it is obvious that the flow out of the control room is given as

(by conservation of mass):

Fout:F 1+F2+F3+F4+F6

Then the rate of activity leaving the control room is given as"

Rout-Fout(A(t)/V)+FsNsA(t)/V

where V is the volume of the controlroom (m^3). The second half of this

equation representsremoval by a recirculationloop filter.

Thus the original equation becomes'

dA(t) : Rin - A(t)(Fout+F_N_}/V
dt

Using the integratingfactoret(F°ut+FSNS)/vand solvingyields

-t(Fout+F5NS)/V
A(t): V/(Fout+FsNs)Rin+ ce

Sub'ertingj.. to the initialconditionA(O):O gives

. - )IV
A(t): V/(Fout+FsNs)Rin V/(Fout+FsNs)Rine t(Fout+FSN5

which representsthe activityin curies in the control room at time 't' for

any nuclideof interest. The dose to a person in the control room from this

nuclide is computed by multiplyingthe concentrationin the control room by a

dose conversion factor and a delta t in seconds,and a breathingrate if other

than whole body or skin dose. Each of these doses is then reduced by an

occupancyfactor, to accountfor the fact that one individualwill not remain

in the control room for the entire 30 days, and a geometry factor, if

appropriate. The geometry factoris taken from Murphy-Campeas

1173./(VA.338),and representsan attemptto correctfor a finite rather than



semi-infinitecloud of gamma emitters,upon which the dose conversion factors

are based. Note that radioactivedecay and daughterprnduct build-upwere not

included up to this point in the calculation.

At the end of each time step, the concentrationsat each of the four sources

and in the controlroom are decayed,and daughter products added back in.

Only the daughter with the largestproductionfactor is used in the

calculation. For example, if a nuclidecan decay L_ two or more daughters,

only the most probable daughter is used. The total dose to an individual is

obtained by summingthe dose contributionsfrom each nuclideand each time

step.

For a toxic gas analysis,the same formulationabnve holds,except that there

is no decay or geometry factor correction.



3. DISCUSSIONOF CODES

Figure 2 representsthe flow of informationfrom start to finish for the

evaluationof radiologicalexposure. Figure3 representsthe informationflow

for toxic chemicalexposureevaluation. The descriptionand use of FPFP,

TACTS, and EXTRAN is "leftto the respectiveusers manuals (references3-5).

All three have been modified to produce an output file which can be read by

either CONHAB or CHEMI

A detailed tour througheach step is describedin section4, the users guide.

Basically,to performa radiologicaldose calculation,the followingsteps are

performed:

I) Review FSAR, SER, and licenseesubmittalsto identifyall pathways of

radionuclidesfrom the source to the controlroom boundary.

2) For those pathwayswhich involvetransportthrough the building or

buildings (not throughthe atmosphere),run FPFP. Two pathways at a time can

be modeled by CONHAB. If there are more than two, performmultiple runs and

stimthe resultsof CONHAB.

3) For pathwayswhich involvetransportthroughthe atmosphereto a

control room air intake,run TACT5. Note that it is not necessaryto input

meteorologicalinformationinto TACT5 as CONHAB incorporatesits own model.

4) Examine licenseesubmittalsand FSAR to determineconfigurationsand

flow rates for the control room habitabilitysystembeing evaluated. Run CRH

and build the CRHS model.

5) From the CRH main menu, select 'Setup for calculation'option and

designate the datafilescreated in steps 2 through4. Exit from CRH.
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6) Run CONHABto perform dose calculations.

7) If desired, run CRHPLOTRto plot results.

To perform a toxic gas analysis, run EXTRANinstead of FPFP arid TACT5, CHEM

instead of CONHAB,and CRHPLOTCinstead of CRHPLOTRto plot the results.

Figure 3 provides a flow chart for performing a toxic gas analysis.

The description of CRH, CONHAB,CHEM,CRHPLOTRand CRHPLOTCfollows.
L
E

3,1 CRH

The CRHcode is a pop-up menu driven program designed to aid in inputting

meteorological and system flow data. It also contains a full screen editor

for making modifications to data files, assists in managing the datafiles

required by CONHABand CHEMto perform an evaluation, and has context

sensitive unit conversion for all parameters (CONHABand CHEMuse

predominantly MKSunits, the Rem and Curie being the two exceptions). The

program itself is written in CLIPPER, a pseudo dBase III compiler, to take

advantage of its database functions and editing features. Figure 4 is a block

diagram of the CRHcode. A program listing is provided in Appendix A.

The primary function of CRHis to allow input of CRHSparameters and

meteorological parameters for subsequent use by the CONHABor CHEMcodes.
L.

There are five basic 'screens' utilized for data input. Ali five are

discussed in detail in Section 4. Each screen will carry forward information

from time step to time step, so that only information that changes will need

to be entered. The first screen is the meteorological data input screen. As

with all of the input screens, full screen editing is permitted. That is, it

is possible to move the cursor around the screen to enter, change, or correct

values before they are written to disk. Specifics on cursor movement and data

entry are discussed in Section 4.

11
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The next two screenspresent a graphicalrepresentationof the CRHS similarto

that shown in Figure I. The first of these two acceptsflow rate and control

room volume information. The second acceptsfilter efficiencydata.

The fourth data screen is the edit screen, lt 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 screenswhen prompted.

The fifth input screen allowseditingoi'time independentvariables such as

power level and chemical form fraction, lt is accessedfrom the edit option.

A secondaryfunctionof CFH is the assemblageof all data files in preparation

for running CONHAB. CONHAB requiressix data files as input. CRH will prompt

for the selectionof filenamesfor each of these accordingto a predetermined

file naming convention (template). The user is not requiredto adhere to the

naming conventionset up in CRH, but for simplicity,it is recommended.

Unless specificallychanged by the user, the data files will all conform to

the followingconventions:

System flow data file (createdby CRH) *.DAT

Nuclidedata file ICRP.*

FPFP source term data file (2 req.) CRHFPFP*.OUT

TACT5 source term data file (2 req.) CRHTACT*.DAT

Time independentdata (power,formfrac) TIMEIND.DAT

CRH creates a separate file named CRHSYS.DATwhich containsthe names of the

selecteddata files. CONHAB reads this file to determinewhich data files to

use in the calculation.

13



3.2 CONHAB

The CONHABcode is the calculational program for computing estimated doses due

to radiological releases, lt reads the file CRHSYS.DATwhich is created by

CRH, and subsequently opens the files listed for input, lt computes control

room concentration and associated doses to six organs from up to 122 nuclides,

each capable of being modeled as three chemical forms (elemental, organic and

particulate), from up to four sources, and 2.6 million time steps (the number

of seconds in a month). The code reports dose at each time step and on the

hour for the first day, and then at each time step and every 24 hours for 30

days. Each report produces an output file used to plot dose vs. time via the

CRHPLOTRprogram. Figure 5 is a simplified flow chart of the CONHABprogram.

A FORTRANlisting of the code can be found in Appendix B.

The model incorporated in CONHABis discussed in the Methodology section

above. Radionuclides are introduced as a concentration (Ci/m^3) at up to four

intake points, and based on the CRHSalignment as set up by the program CRH,

transported to the control room volume. The concentrations at each of the

four source locations are updated according to the schedule in the associated

datafile. The source concentrations are assumed constant over any time

intervals between those set in the source data file. That is, the source

concentrations are not reduced as radionuclides are removed to the CRHS. This

assumption b_comes more conservative as the source volume decreases or the

flow rate from the source volume increases. Radioactive decay and daughter

product build-up are accounted for at all source locations and the control

room. Filtration and dilution are the only other removal mechanisms

considered. Deposition and resuspension are not modeled.

For ease of computation,radionuclidesare decayedat the end of each time

step, rather than integratedover the time step. This assumptionis

conservativeas the maximum concentrationof radionuclidespresent over a

particulartime step is used in the dose calculation(ie no reduction in

quantity by decay before the end of the time step). Note also that

radioactivedecay is generallysmall in comparisonto other removal processes

14
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in the control room especially if using the TID source term, which contains

only relatively long lived radionuclides. Daughter product build-up is a

small contributor which somewhat lessens this conservatism.

3.3 CHEH

The CHEMcode 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 c}ly removal

process modeled, however, is dilution. The code reads an output file

generated by the EXTRANcode (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 CRHcode, and reports concentrations, mean

concet_trations, and exposure at each time step. A data file is generated

which can be used by the CRHPLOTCprogram to graphically display the data.

Appendix C uontains a FORTRANlisting of the CHEMcode.

3.4 CRHPLOTRANDCRHPLOTC

The CRHPLOTRand CRHPLOTCcodes plot the results of a radiological or toxic

gas analysis, respectively. Both are written in CL.IPPERusing FLIPPER

graphics libraries. They are designed to run correctly on most PC display

systems (VGA, EGA, CGA, and Hercules). Both aiso give the option to print the

graphs on a printer. Listings for these codes appear respectively as

Appendices D and E.

3.5 DATAFILES

There are two permanent data file libraries, ICRP.02 and ICRP.30. Both of

these contain the same types of information, but the ICRP.30 library has been

updated to contain dose conversion factors from the International Commission

]6



on RadiationProtection(ICRP) publication30. lt is anticipatedthat the NRC

will approve use of the ICRP 30 data some time in the future. Appendix F

contains a listingof ICRP.02,and AppendixG is a listingof ICRP.30.

The files are organized as follows:

line i: Nuclide name (B characters)

line 2: Decay rate (i/hr),source (Ci/MWt) (both IPE13.6)

line 3' Dose conversionfactorsfor whole body, skin, thyroid, lung,

bone, and liver (IP6E13.6)

line 4' Internalidentificationnumber (16), group number (16),

identificationnumberof daughter (18), daughterproduction

factor (EI0.3),secondarydaughter ID (18), and secondary

daughte'_ productionfactor (EI0.3)

This is repeated for each of the 122 nuclidesin the library. Note that the

informationfor secondarydaughterproductformationis present, although it

not used by the code because it is an insignificantcontributor.

There are eight types of data files which contain pr(,blemspecific information

for performingradiologicalcalculations. Seven of these are input to the

CONHAB code, and one is an output file from CONHAB.

CRHSYS.DAT- Containsthe file names of all data files required for

executinga particularproblemwith the CONHAB code.

TIMEIND.DBF- Containstime independentinformation:reactor power

TIMEIND.DAT level, and chemicalform fractionsfor'each of the

nuclidegroups. The .DBF file is a dBase file, and

the .DAT is the associatedASCII file. The ASCII file

is read by CONHAB.

17



user-named.DBF- Containsthe informationinput to the CRH code for

" ".DAT meteorologyand systemflow. Structureof the files

is presented ,nAppendixH. The .DBF file is a dBase

file, and the .DAT file is the associatedASCII file

which is _e_d by CONHAB.

CRHTACT*.DAT- Output from the TACT5code which is used to provide a

source to either of the two outside air 'intakes.

CRHFPFP*.OUT- Output from the FPFP code which is used to provide a

sourceto the two user defined unfilteredinleakage

pathways.

CRHPLOTR.DAT- Output file from CONHABwhich is used by CRHPLOTR to

plot dose vs. time on the computer screen for the

currentcase.

The CHEM programuses 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 plottingthe resultson the computer screen.

18
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4. USERSGUIDETO THE COHPUTERCODES

This section contains a detailed discussioil of the use of the computer codes

CRH, CONHAB,CHEM,CRHPLOTRand CRHPLOTC. Before attempting to execute any of

these codes, they must be installed on the hard disk of a Personal Computer

(PC). Instructions for doing this appear in Section 5, Codes Installation.

Ali five of the codes listed above have been compiled and linked, and are irl

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 RADIOLOGICALEVALUATION

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 CRHFPFP.OUTwill be created. Renamethis file

CRHFPFP*.OUT,where * is any legal filename character, a letter or number,

before performing the next run; CRHFPFP,OUTis overwritten every time FPFP is

executed. Create as many CRHFPFP*.OUTfiles as there are pathways through the

plant to the control room, being careful not to give any two the same name.

Note, however, that CONHABcan only use two of these at a time. If there are

more than two, execute CONHABmultiple times and sum the results, lt is much

19



more convenientand usually sufficientto define only two pathways to begin

with,

Choose one of the FPFPoutput files to be user-defined unfiltered source one,

and the other to be user-defined unfiltered source two. lt 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 CONHABwhich source goes

with which flow rate.

For through atmosphere pathways, TACT5 (reference 4) must be run. TACT5 need

only be run once regardless of the number of control room air intakes, as the

CRHand CONHABcodes contain the required meteorological information to

correctly transport the contaminants. The meteorological information does not

need to be entered into the TACT5 input deck, because the only information

required by CONHABis the number of curies of each radionuclide released to

the environment for each time step in TACTS. This information is

automatically written to a file by the new (6/90) version of TACT5. Rename

the file CRHTACT.DAT(created by TACTS) CRHTACT*.DATas before. Make a copy

of this file using a different character for '*.' The DOScommands for these

two steps are' c'\RENAME CRHTACT.DATCRHTACT*.DAT<ret> and c.\COPV

CRHTACT*.DATCRHTACT#.DAT<ret> where '*' and '#' are different characters.

CONHABrequires 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*.OUTand two

CRHTACT*.DAT The next step is to run the CRHprogram, which will allow entry

of meteorological, system design, and time independent plant specific data.

4.1.1 Execut!nq,theCRH Code

Begin execution of the CRHcode by typing CRHat the DOSprompt 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,

2O
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edit ,anold data file, edit the time independentinformation,designatewhich

data files to use in the CONHAB calculation,or exit to DOS.

To create a new input file, highlight'Createa new data file' as shown in

Figure 7 and strike return. The computerwill respondwith Figure 6. To

create a new file, strike returnwith the highlighton '<create>.' The

computer will then prompt for a new file name. Do not includea suffix. The

code will automaticallyadd a .DAT suffix to the data file. Enter any eight

characterdesignatoras a file name. To overwritean old file which is no

longer needed, cursor down withthe arrow keys, highlightthe file to

overwrite,and strike return.

At this point, the programwill ask whether to use the graphical input screens

or the tabular input screen. The tabular input screen is identicalto the

edit screen, however the graphicalscreensare easierto understand. Select

the graphical screensby either hittingreturn or striking 'G.' No carriage

return is necessary.

The next prompt asks how many time steps will be entered, lt is allowedto

enter a number larger than the anticipatednumberof time steps, and then

enter dummy informationfor time steps after 720 hours (30 days). There

should be a time step any time a piece of informationsuch as flow rates,

meteorologicalinformation,etc. changes. Enter an appropriatenumber and

strike return.

The programwill 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

'Selectu_its:' menu will appear. Highlightthe units for the time just

entered, and strike return. Repeatthis 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 appear is the 'MeteorologicalInput' screen as shown in

Figure 10. This screen is used to enter parameterswhich will be used by

CONHAB to compute a dispersionfactor to be appliedto the TACT5 sources. The
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current time step start and end times appear in the upper left corner for

reference. For each of the parameters,enter the appropriatevalue and strike

return. Do not use scientificnotation. The programwill respond to the

carriage returnwith the 'Selectdesiredunits:'menu as shown in Figure 11.

As before,highlightthe units for the datum enteredand hit return. Note

that if the data being entered is alreadyin the defaultunits (mks), the unit

menu can be avoided by strikingthe down arrow key rather than return after

entering a number. The last two promptson the screen,horizontaland

vertical stabilityclass, requirea number, I - 7, which representsthe

appropriatePasquill stabilityclass (A:I, B=2, etc.). There are no unit

menus for these two parameters.

After enteringthe vertical stabilityclass value, the programwill display

the 'ControlRoom HabitabilitySystem Flows' input screen as shown in Figure

12. This screen accepts system flow parametersand an occupancyfactor.

Enter the parametersas before. There are unit conversionmenus for all

values except the occupancyfactor(see Figure 13). Note that on color

monitors,the prompts and the flow paths are color coordinatedto assist in

identifyingwhich prompt goes with which flow path.

After entering an occupancyfactor,the screen will appear as in Figure 14.

This screen allows the input of filter efficiencieseach of the three filtei's.

A unit conversionmenu will promptfor each entry for either fraction or

percent units. Upon enteringthe last filter efficiency,the program will

request the next time step start and end time. The entire process is then

repeated until all time steps have been entered. Note that for each time

step, informationhas been carriedforwardfrom the previoustime step. Thus,

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

arrow keys. Using the return key will have the same effect,however this will

cause the unit conversionmenus to appear. Note also that any data which was

not entered in mks units has been convertedto mks at this point. Be careful

not to incorrectlychange the units to other than the default mks (alwaysthe

first choice in the unit menus) when using the return key to move through the
screen.
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After entering the information for the last time step, control is passed back

to the main menu, At this point, the data can be edited if necessary by

highlighting 'Edit an existing data file' as shown in Figure 15. The program

will respond with the edit menu as shown in Figure 16. To edit the time

independent data (necessary to change the power level), highlight the first

option and strike return. This produces Figure 17, the 'Time Independent

Data' edit screen. Using the cursor keys, highlight and change information as

necessary. Whenfinished, strike return on the last prompt. This will return
control to the edit menu.

To edit the meteorology or system flow information entered above, highlight

the 'Edit meteorology and/or system flow data' option as shown in Figure 18

and strike return. The program will then prompt for which file to edit.

Highlight the filename entered in the 'Create file _ option above; strike

return. Note that the menu will scroll to reveal more filenames as the cursor

is moved to the bottom of the menu box.

The screen will then appear as in Figure 19, although the time steps listed

may be different. Move the highlight to the time step to edit and strike

return. When finished editing, strike return over the 'Finished editing'

option to return to the edit menu.

Selecting one of the time steps to eait will produce the edit screen as shown

in Figure 20. This screen contains all the time dependent information entered

with CRH. Use the arrow keys or the return key to highlight and change any of

these values. There are no unit conversion menus on this edit screen. Enter

all values in the units listed to the right of the screen. Strike return on

the control room volume prompt to finish editing this t_me step. This returns

control to Figure 19 to either edit another time step or return to the edit
menu.

After selecting'Finishedediting,'the programwill return to the main menu,

At this point, all data for performinga calculationshould be on the hard

disk. Highlightthe 'Assigndata files...'option as shown in Figure 21 and
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strike return. This option allows the user to identify which data files to

use in the subsequent calculation. The screen will prompt for which

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 file to use. Select either ICRP.02 or

ICRP.30 and hit return. Next, the program needs to know the user defined

unfiltered source I 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 TACT5 source files created by

TACT5as described abnve. Highlight one of the files and strike return, then

repeat 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.

Whenthe file names are correct, type 'y' or strike return to return to the

main menu. The files are set up for performing the calculation at this point.
Exit to DOSfrom the main menu.

Changes to the meteorology and system flow data file can be made by executing

CRHagain and following the instructions for editing above. If no file names

have changed, the 'Assign data files...' step may be omitted before rerunning
CONHAB.

4.1.2 Executinq the CONHABCode

From the DOSprompt, type 'CONHAB' 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 ASCII output file which can be

printed, viewed, or edited later. The program will then begin echoing input
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and printingresults for each time step to the selecteddevice. A summary

table will be printed on the screenregardlessof output destination. CONHAB

also generatesa datafilewhich is used to plot the data on the computer

screen.

4.1.3 ExecutinQ the CRHPLOTRCodq

Type 'CRHPLOTR'and strike returnto begin the plottingroutine. Respond

appropriatelyto the questionsasked, and the programwill plot dose versus

time for whole body, thyroid,and skin doses. Hit any key to display

individualplots of dose vs. time for the same organs.

4.2 YOXIC GASEVALUATION

Performinga toxic gas analysis is similarto the procedurepreviously

outlined. Insteadof using FPFP and TACTS,the code EXTRAN is executed to

compute a toxic gas concentrationat the control room air intake. Refer to

the EXTRANmanual for performingan EXTRANcalculation. EXTRANwill produce

an output file which can be read by the CHEM code. Make note of the file name

produced by EXTRAN.

Run the CRH code as describedin section4.1.1 above. When creating a

datafile,note that the meteorologyinput screen can be omitted (enter all

zeros and any number between ] and 7 for the stabilityclasses) because EXTRAN

incorporatesall atmosphericdiffusionca!cu]ations. The filter efficiency

screen can also be ignored,as the filtershave no effect on the toxic gas

concentrationin the control room. The only screenwhich containsdata

requiredby the CHEM code is the systemflow input screen. Enter appropriate

informationfor each time step as describedabove. The EXTRAN source will be

appliedto any and all of the four potentialpathways into the control room

volume for which the user designatesa non-zero flow rate.

After enteringthe system flow parameters,skip the 'Assigndata files...'

step, as CHEM does not requirethis. Exit to DOS. Type CHEM at the DOS
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prompt and the calculationalprogramwill begin execution, lt will prompt for

both the EXTRAN output file and the systemflow file created with CRH. The

programwill then print instantaneousand mean concentrations,and exposure in

the control room for each time step. When the program is finished,type

CRHPLOTC at the DOS prompt to plot the resultson the computer screen.
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5. COOE:INSTALLATION

The CRH codesrequireIn I_-PC or PS-2compatiblemicrocomputerwith a hard

diskto operate. A versionof the codeswhichutilizea numericco-processor
is available.

To installthe CRH codeson the harddriveof a PC, followthesesteps:

I) Createa su_Irectory.

C:\>rodcrh

2) Changeto the new subdtrectory.

C:\>cdcrh

3) Insertthe CRH disk intodriveA of the computer.Copy all of the

filesintothe crh subdlrectory.

C:\CRH\>copya:*.*
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6. EXAMPLEPROBLEM

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:

o Through atmosphere source as calculated by TACT5 is identical to Example

I in NUREG/CR-5106'Users Guide for the TACT5computer code.' The

filenames for these two files are CRHTACTI.DATand CRHTACT2,DAT,

o Through plant sources are the sample output from the FPFP code, labeled

CRHFPFPI.DATand CRHFPFP2,DATon the distribution disk.

o Meteorology and system flow file EXAMPLE.DAT,

o ICRP.02 nucl ide library,

To execute the sample problem,run CRH and use the 'Assigndata files...'

option to select each of the files listedabove. Then exit to DOS and type

CONHAB at the DOS prompt. SelectCON to displaythe 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 summarytable, and that if

necessary, the output data can be retrievedfrom the file CRHPLOTR.DAT,which

is always created, regardlessof where the output is directed. The

CRHPLOTR.DATfile is used as input to the plotting routineCRHPLOTR.EXE. Only

the first two and last pages of the output have been includedin Appendix I.

Sample plots from CRHPLOTR and CRHPLOTCare 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. Executethe sample problemby typing CHEM at the DOS prompt and

striking return. Enter EXAMCHEM.DATfor the system flow file, and EXOUT,OUT

for the EXTRAN output file. The outputwill be sent to the screen. Again,

the output can be retrievedfromdisk by printing the file CRHPLOTC.DAT,or
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the output can be printed by typing <Ctrl><Print Scrn> after typing the

EXTRAN file name but before hittingreturn, Type <Ctrl><PrintScrn> again to

turn the printeroff after the code has executed,
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* Program to read in data for control room habitability calculations

* Set up system parameters and constants

set echo off
set talk off

set escape on
set bell off

std='w+/b'
set color to &std
pup='b/g+,g+/b,,,b/g+'
shadow='n/n,n/n,n/n,n/n,n/n'
f;nished='N'
whattodo='C'
dat file='
use crmet
num fields=fcount()
* define number of fields in database

declare store_prev [num_fields]

* Go display greeting screen...

do greeting

* main program loop *

do while finished $ 'nN'

*decide whether to edit or append
do what to do
* returns w_th either C,E,R, or X to create,edit,run or exit
close database
use crmet
do case
case whattodo='C' && create a new datafile

do create new

do write file && writes out ascii file for fortran program
close database

case whattodo='E' && edit _n existing file
do edit old

case whattodo='R'
DO SET UP

* RUN CONHAB.exe && run code
case whattodo='X'

*exit to dos
clear
@5,1 say 'Returning to the DOS prompt...'
@7,1 say 'To execute the calculational code, type CONHAB at the DOS prompt.'
@9,1 say _"'
wait
finished='Y'

endcase
enddo
return
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* end of program main *

* PROCEDURES*
****_****_***

procedure create_new

* procedure to create a new datafile

set color to &std
clear
* go get file name to use or create
@1,33 say 'CREATE NEWFILE'
do select file
copy structure to &dat_file.
use &dat file

clear
graphic='G'
@5,1 say 'Use graphical input screen (G) or table input (T)" get graphic
read
clear
@5,1 say "
tsnum='I'

accept 'How many time steps? ' to tsnum
ts=val(tsnum)
* assign default initial start time to 0.0
stime=O.O

append blank
* Begin input of time dependent data
do while ts>O
clear
set color to w+/b
clear

do get_timestep
read

set color to w+/b
clear

if graphicS'Gg'

do read metdatam

read

set color to w+/b
clear

do read_systemdata
read

set color to w+/b
clear

=- do read filter
read
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set color to w+/b
else

do edit data
read

endif
*store data into next time step as defaults
if ts>1
do set defaults

endif
ts=ts-1

enddo
return
*end of create new input file

procedure edit old
* procedure to edit .existing data file
set color to &std
do while .T.
clear
@1,33 say 'MAIN EDIT MENU'
declare bar[6]
bar [I] = ' Select desired action"
bar [2] = ' '
bar [3] = ' Edit time independent data (form frac,power level)'
bar [4] = ' Edit meteorology and/or system flow data'

bar [5] = ' Edit source term data <disabled>'
bar[6]=' Return to main menu'
declare sel [6]
sel [I]: F.
sel[2]= F.
sel[3]: T. &&reset this flag when time step routine is written
sel [4]= T.
sell5]= F. &&reset this flag when source term data is included
sel [6]: T.
old color=setcol or()
set color to &shadow
@4,10 to 9,76
@4,77 to 9,77.
set color to &pup
menuchoice=achoice(3,8,8,75,bar,sel ,3)
do case

case menuchoice=3
set color to &std+&pup
clear

do edit timeind
clear

case menuchoice=4
do select file
use &dat file.
clear
do edit data
do write file && write out ascii file

case menuchoice=5
A-3



*do edit source
case menuchoi ce:6

set color to &old color
return

endcase
clear
enddo
*end of edit_old procedure

'k .............................................

procedure edit timeind
use timeind
go top
@ 2, 29 SAY "TIME INDEPENDENTDATA"
@ 4, 5 SAY "REACTORPOWERLEVEL"
@ 4, 25 GET TIMEIND->POWER PICTURE "9999.99"
@ 4, 35 SAY "MWt"
@ 6, 39 SAY "GROUPFRACTIONS"
@ 7, 5 SAY "ISOTOPIC GROUP ELEMENTAL ORGANIC PARTICULATE"
@ 9, 5 SAY "HALOGENS"
@ 9, 30 GET TIMEIND->HELE PICTURE "9.9999"
@ 9, 43 GET TIMEIND->HORG PICTURE "9.9999"
@ 9, 56 GET TIMEIND->HPART PICTURE "9.9999"
@ I0, 5 SAY "NOBLES"
@ 10, 30 GET TIMEIND->NELE PICTURE "9.9999"
@ I0, 43 GET TIMEIND->NORG PICTURE "9.9999"
@ 10, 56 GEl TIMEIND->NPART PICTURE "9.9999"
@ 11, 5 SAY "SODIUMS"
@ 11, 30 GET TIMEIND->NAELE PICTURE "9.9999"
@ 11, 43 GET TIMEIND->NAORG PICTURE "9.9999"
@ 11, 56 GET TIMEIND->NAPART PICTURE "9.9999"
@ 12, 5 SAY "SOLIDS"
@12, 30 GET TIMEIND->SELE PICTURE "9.9999"
@12, 43 GET TIMEIND->SORG PICTURE "9.9999"
@ 12, 56 GET TIMEIND->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"
@ O, 0 TO 20, 79 DOUBLE
@ 5, 2 TO 14, 77
@ 8, 3 TO 8, 76
read

copy to timeind.dat delimited
close databases
return

procedure set_up
*this procedures sets up data files for conhab program
set color to &std
close database
do while .T.
clear
@!,1 _y 'The FORTRANprogram CONHABneeds to know what data files to use...'

= @2,1 say 'First, pick which meteorology and system flow file to use'
_
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wait
ftemp-'*.dat'
do sel dat file
datfile=datfilew

clear
@1,1 say 'Now pick which NUCLIDE DATA FILE to use...'
wait
ftemp='ICRP.*'
DO SEL DAT FILE

m

nucfile=datfile
clear

@1,1 say 'Now selectSOURCE file for unfilteredsource I (createdby FPFP)...'
wait
ftemp='CRHFPFP*.OUT'
DO SEL DAT FILE

m

STFILEI=DATFILE
CLEAR
@1,1 SAY 'Same thing for unfilteredsource 2 ...'
wait
ftemp='CRHFPFP*.OUT'
do sel dat file
stfile2=datfile
clear

@1,1 say 'SelectSOURCE file for filtered intake 1 (usuallyfrom TACT5)...'
wait
ftemp='CRHTACT*.DAT'
do sel dat file
stfile3=datfile
clear

@1,1 say 'And the SOURCE file for filteredintake2 (feedsthe recirc loop)...'
wait
ftemp='CRHTACT*.DAT'
do sel dat file
stfile4=datfile
clear
answ='Y'
@1,1 say 'The followingfiles have been selected:'
@3,1 say 'Meteorologyand control room system flow data" '+ datfile
@4,1 say 'Nucleardata file: '+ nucfile
@5,1 say 'Userdefined unfilteredsource I: '+ stfilel
@6,1 say 'Userdefined unfilteredsource 2: '+ stfile2
@7,1 say 'Sourceto filteredintake: '+ stfile3
@8,1 say 'Sourceto recirc loop filtered intake' '+ stfile4
@15,1 say 'Are these selectionscorrect (Y/N)?' get answ
read
if answ$'Yy'
exit

endif
enddo
set.alte to crhsys.dat
set alte on

'"+nucfile+"''"+stfile1+"''"_"0 122 '"+datfile+"', , , , ,.. , , +stfile2+"''"+stfile3+"''"+stfile4+"'"
?
set alte off
close alte
clear

@5,1 say 'To executethe calculationalcode, selectExit to DOS at the next'
@6,1 say 'menu,and then type CONHAB.'
@9,I say ' '
wait

A-5



return

procedure sel tstepm

* this procedure selects the time step to edit
* returns nothing, but goto's the correct record for editing
set color to &std
clear
num:l astrec()
declare bar[num+3]
declare sel[num+3]
bar[1]='Highlight the time step to edit and hit return'
bar[ 2]:' '
bar[3]=' Finished editing'
sel[l]:,F.
sel[2]=.F.
sel[3]:.T.
go top
for n:4 to num+3
bar /[n]=alltrim(str(tstepbeg,7,2))+'to '+alltrim(str(tstepend,7,2))
sel[n]=.T.
skip
next

old color=setcolor()
set color to &shadow
rw=21
if num<14
rw=num+6
endif
@4,10 to rw,76
@4,77 to rw,77
set color to &pup
menuchoice=achoice(3,8,20,75,bar,sel,3)
if menuchoice=3
done=.T.

else
goto menuchoice-3

endif
set color to &std
clear

*end of sel_tstep
return

procedure edit_data
done:.F.
set color to &std+&pup
do sel_tstep
do while .not. done

set color to &std+&pup
clear
@ 0,0 TO 23,79 DOUBLE
@ I,34 SAY "Meteorology" i
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@ 1,61TO 5,78
@ 2,2 SAY "Buildingcross sectionalarea'"
@ 2,36GET bldgareaPICTURE"999999.99"
@ 2,47SAY "squaremeters"
@ 2,66SAY "Timestep"
@ 3,2 SAY "Buildingheight "
@ 3,36GET bldghtPICTURE"9999.99"
@ 3,47SAY "meters"
@ 3,63SAY "start:"
@ 3,70get tstepbegPICTURE"9999.99"
@ 4,2 SAY "Releaseheight'"
@ 4,36GET relhtPICTURE"9999.99"
@ 4,,47SAY "meters"
@ 4,63SAY "end'"
@ 4,70get tstependPICTURE"9999.99"
@ 5,2 SAY "Effluentverticalvelocity'"
@ 5,36GET effvertvelPICTURE"9999.99"
@ 5,47SAY "meters/sec"
@ 6,2 SAY "Effluentflow rate'"
@ 6,36GET effflowPICTURE"9999.99"
@ 6,47 SAY "cubicmeters/sec"
@ 7,2 SAY "Horizontaldistanceto receptor:"
@ 7,36GET horizdistPICTURE"9999.99"
@ 7,47 SAY "meters"
@ 8,2 SAY "Receptorheight:"
@ 8,36GET recepthtPICTURE"9999.99"
@ 8,47SAY "meters"
@ 9,2 SAY "Windspeed'"
@ 9,36GET windspeedPICTURE"9999.99"
@ 9,47 SAY "meters/sec"
@ 10,2SAY "Verticaldispersionclass (A-G)"
@ 10,36GET vertclassPICTURE"9"
@ 11,2 SAY "Horizontaldispersionclass (A-G)"
@ 11,36GET horizclassPICTURE"9"
@11,40say "OccupancyFac." get occfacpicture"9.999"
@ 12,33SAY "Systemflows"
@ 13,2SAY "Flowin from sourcei'"
@ 13,36GET flowinlPICTURE"9999.9999"
@ 13,47SAY "cubicmeters/sec"
@ 14,2SAY "Flowin from source2""
@ 14,36GET flowin2PICTURE"9999.9999"
@ 14,47SAY "cubicmeters/sec"
@ 15,2SAY "Filteredintakeflow rate'"
@ 15,36GET filtflowlPICTURE"99999.999"
@ 15,47SAY "cubicmeters/sec"
@ 16,2SAY "Intakefilterefficiency:"
@ 16,36GET filtlelePICTURE"9.999"
@16,42get filtlorgpicture"9.999"
@16,48get filtlpartpicture"9.999"
@ 16,54SAY "ele org part fraction"
@ 17,2SAY "Recircflow rate'"
@ 17,36GET filtflow2PICTURE"99999.999"
@ 17,47SAY "cubicmeters/sec"
@ 18,2SAY "Recircfilterefficiency'"
@ 18,36GET filt2elePICTURE"9.999"
@18,42get filt2orgpicture"9.999"
@18,48get filt2partpicture"9.999"
@ 18,54SAY "eleorg part fraction"
@ i9,2SAY ::Bottiedair flow rate'"
@ 19,36GET flowin3PICTURE"99999.999"
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@ 19,47 SAY "cubic meters/sec"
@20,2 say "Recirc intake flow rate"
@20,36 get filtflow3 picture "99999.999"
@20,47 say "cubic meters/sec"
@21,2 say "Recirc intake filter eff."
@21,36 get filt3ele picture "9.999"
@21,42 get filt3org picture "9.999"
@21,48 get filt3part picture "g.9gg"
@21,54 say "ele org part fraction"
@22,2 SAY "Control room volume:"
@22,36 GET crvolume PICTURE "999999.99"
@22,47 SAY "cubic meters"
read
clear

set color to &std+&pup
do sel_tstep

. enddo
return

procedure what to do
*put procedure-here to select whether to edit an old data set or create a new
*one

* returns whattodo - 'e' to edit or 'c' for new
whattodo='C'
set color to &std
clear
@I,36 say 'MAIN MENU'
declare bar[6]
bar [I] = ' 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] = ' Assign data files in preparation for running calculation'
bar[6]=' Exit to DOS'
declare sel [6]
sel[l]=.F.
sel[2]=.F.
sel [3]=.T.
sel[4]=.T.
sel[5]=.T.
sel[6]=.T.
old color=setcolor()
set color to &shadow
@4,10 to 9,76

.@4,77 to 9,77
set color to &pup
menuchoice=achoice(3,8,8,75,bar,sel,3)
do case

case menuchoice=3
whattodo-'C'

case menuchoice-4
whattodo-' E'

case menuchoice=5
whattodo:'R'

case menuchoice-6
whattodo-'X'

endcase
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set colorto &old color
clear
return

procedureget imestep
@ 4,14 SAY "S(arttime: "

@ 4,26 GET tstepbegPICTURE"9999.99"validtime unit(tstepbeg,"tstepbeg,,)@ 5,14 SAY "Endtime: ', -.

@ 5,26 GEl"tstependPICTURE"gggg gg" valid timeunit(tstepend,"tstepend,,)
return . _

proceduregreeting
*puthello screenhere
clear

set colorto &std+&pup
@ 0,0 TO 21,79 DOUBLE

@3 5SAY " .............., _eeeeeee"
@ 3,32 SAY "__£,,
@ 3,56 SAY "_"
@ 3,62 SAY "_"
@ 4,5 SAY "_',
@ 4,32 SAY "_,,
@ 4,39 SAY "_',
@ 4,56 SAY "_',
@ 4,62 SAY "m"
@ 5,5 SAY "_"

@ 5,32SAY "_i_(_i_6¥,,
@ 5,56 SAY "_i__,,
@ 6,5 SAY "_"
@ 6,32 SAY "_"
@ 6,35 SAY "a£,,
@ 6,56 SAY "_,,
@ 6,62 SAY "_,,
@ 7,5 SAY "_"
@ 7,32SAY "n"
@ 7,36 SAY "A£,,
@ 7,56SAY "_"
@ 7,62 SAY "_,"
@ 8,5 SAY "Ai__,,
@ 8,14 SAY "ontrol"
@ 8,32 SAY "_"
@ 8,37 SAY "_W_"
@ 8,41 SAY "oom"
@ 8,56 SAY "_"
@ 8,62 SAY "_"

@ 8,64 SAY "abitability,,

@ 11,2SAY "A programto assistin the preparationof data for tileCONHABand CHEM codes"@ 14,34 SAY "Developedby;"
@ 15,34SAY "HowardGilpin"

@ 16,17SAY "ScienceApplicationsInternationalCorporation,,@ 17,36 SAY "June 1990"
@ 19,33say "<p
inkey(O) ressany key>"
return
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procedure read metdata
*procedure to Tnput graphically met data
set color to b/w
@ 0,0 SAY "Timestep start: "
@ 0,17 SAY tstepbegPICTURE"@TI9999.99"
@ 0,24 SAY " end: "
@ 0,30 SAY tstependPICTURE"@TI9999.99"
@ 2,29 SAY "METEOROLOGICALINPUT"
set colorto g+/b
@ 3,6 SAY "Effluent"
set colorto r+/b
@ 3,66 SAY CHR(26)
@ 3,69 SAY "Windspeed"
set colorto g+/b
@ 4,1 SAY "verticalvelocity"
@ 4,22 SAY REPLICATE(CHR(16),8)
set colorto r+/b

@ 4,66 SAY CHR(26_
@ 4,69 SAY "(m/s)
set colorto g+/b,g+/b
@ 5,1 SAY "(m/s)"
@ 5,7 GET effvertvelPICTURE"9999.99"valid velocity(effvertvel,"effvertvel")
@ 5,21SAY CHR(30)
set colorto r+/b,r+/b
@ 5,66SAY CHR(26)
@ 5,69GET windspeedPICTURE"9999.99"valid velocity(windspeed,"windspeed")
set colorto g+/b
@ 6,21 SAY CHR(30)
set colorto r+/b
@ 6,66 SAY CHR(26)
@ 7,17SAY CHR(24)
@ 7,20TO 12,22
set color to gr+/b
@ 7,25SAY "Horizontaldistance"
set color to r+/b
@ 7,66SAY CHR(26)
set color to bg+/b
@ 8,1 SAY "Effluentflow"
@ 8,21 SAY CHR(30)
set color to gr+/b,gr+/b
@ 8,23 SAY CHR(27)
@ 8,25 SAY "to receptor(m)"
@ 8,41 GET horizdistPICTURE"9999.99"validdist(horizdist,"horizdist")
@ 8,58 SAY CHR(26)
set color to bg+/b
@ 9,1 SAY "rate (m^3/s)''
@ 9,21SAY CHR(30)
set color to rb+/b
@ 9,47SAY "Receptor"
set color to bg+/b,bg+/b
@ 10,3GET effflowPICTURE"9999.99"valid flow(effflow,"effflow")
@ 10,21SAY CHR(30)
set color to rb+/b
@ 10,47SAY "Height(m)"
@ 10,58SAY CHR(24)
set color to r+/b
@ 10,59TO 12,60
@.11,20SAY "'"
set color to bg+/b
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@ 11,21SAY CHR(30)
set color to rb+/b,rb+/b

II II

@ I:L,48 GETreceptht PICTURE"9999.99" valid dist(receptht, receptht )
set color to r+/b
@ 11,59SAY "0°"
@ I'2,10SAY "Release"
@ 12,20TO 16,61
@12,20 SAY"Q_6A_AA_AA_AAAA_AAA_AA_AAA_AAA_AAA_A66"
set color' to gr+/b
@12,66 SAYCHR(24)
set color to r+/b
@13,9 SAY "Height (m)"
@ ]:3,20SAY ,,o,,
set color to gr+/b
@ 13,63SAY "Building"
set color'to r+/b,r+/b
Ca14,10GET relht PICTURE"9999,99"validdist(relht,"relht")
set color to g+/b ,g+/b
@ 14,27SAY "Buildingarea (m^2)''

, , "bldgarea"@ 14 47 GET bldgareaPICTURE"999999" valid area(bldgarea, )
set color to gr+/b,gr+/b
Ca14,62SAY " Height (m)"
Ca15,64GET bldghtPICTURE"9999,99"validdist(bldght,"bldght")
set colorto r+/b
Ca16,17SAY CHR(25)
set colorto rb+/b
@16,58 SAYCHR(25)
set color to gr+/b
@16,66 SAYCHR(25)
set color to bg+/b,bg+/b
Ca18,37 SAY "Horizontal stability class (1-7)"
@18,70 GEThorizclass PICTURE"9" valid (l<=horizclass .and. horizclass<=7)
Ca19,37 SAY "Vertical stability class (1-7)"
Ca19,70 GETvertclass PICTURE"9" valid (i<-vertclass .and. vertclass<=7)
set color to &std+&pup
return

* .... , ........................... . .........

procedure read_systemdata
*procedure to graphically input system data
set color to b/w
@0,0 SAY " Time step start: "
@0,18 SAYtstepbeg PICTURE"@TI 9999.99"
Ca0,25 SAY " end: "
@0,31 SAYtstepend PICTURE"@TI 9999.99"
Ca0,38 SAY " "
set color to w/b
@2,3 SAY"Outside Air"
set color to w+/b
@2,20 SAY "CONTROLROOMHABITABILITY SYSTEMFLOWS"
set color to w/b
@2,64 SAY "Outside Air"
@3,5 SAY"Intake"
set color to w+/b
@ 3,11TO 20,64
set colorto w/b
@ 3,66 SAY "Intake"
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@4,7 SAY"\ /"
set color to rb+/b
@ 4,19 SAY "Unfiltered"
set colorto gr+/b
@ 4,30 SAY "Recirc"
@ 4,56 SAY "Intake"
set color to w/b
@ 4,68 SAY "\"
@ 4,70 SAY "/"
@ 5,8 SAY "_"
set color to rb+/b
@ 5,20 SAY "SourceI"
set color to gr+/b
@5,30 say "Filter"
set color to r+/b
@5,39 say "Recirc"
set color to gr+/b,gr+/b
@ 5,56 SAY "Filter"
set colorto w+/b
@ 5,64SAY "'"
set_colorto w/b
@ 5,69 SAY "_"
@ 6,B SAY "="
set colorto rb+/b
@ 6,22 SAY "\"
@ 6,24 SAY "/"
set color to gr+/b
@ 6,31 TO 8,34
set color to r+/b,r+/b
@ 6,37 SAY "Flowrate-"
@ 6,47 GET filtflow2PICTURE"@L 99999.9"validflow(filtflow2,"filtflow2")
set color to gr+/b
@ 6,57TO 8,60
set color to w+/b
@ 6,63 SAY " "
@ 6,64 TO 16,79
@ 6,64 SAY "QA"
set colorto w/b
@ 6,69 SAY "_"
@ 7,8 SAY "_"
set colorto rb+/b
@ 7,12SAY "Flowrate-"
@ 7,23SAY "_"
set color to r+/b
@ 7,2B SAY "b_(_"
@ 7,32 SAY " "
@ 7,35 SAY "_(}(}__/__"
set color to w/b
@ 7,55 SAY "_"
@ 7,58SAY " "
@ 7,61SAY "_.A_¥"
@ 7,71SAY "Flow"
@ B,8 SAY "="
set color to rb+/b,rb+/b
@ B,12 GET flowinlPICTURE"@L 99999.999"valid flow (flowin1,"flowin1")
@ B,23 SAY "_"
set color to r+/b
@ B,28 SAY "_"
@ B,54 SAY "_"
set colorto w+/b
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@ 8,64 SAY "'"
set color to w/b,w/b
@ 8,65SAY "rate-"
@ 8,70GET filtflow3PICTURE"99999.9"valid flow(filtflow3,"filtflow3")
Ca9,B SAY "_"
set colorto rb+/b
Cag,23 SAY "_"
set colorto r+/b
Ca9,28 SAY "r_"
set colorto w+/b
@ 9,30TO 14,52DOUBLE
set colorto r+/b
@ 9,54 SAY "_"
set colorto w+/b
@ 9,64 SAY *'"'
set colorto w/b
@ 10,8SAY "_"
set colorto rb+/b
@ i0,23SAY "_"
set colorto r+/b
@ 10,28SAY "Ag"
@ I0,30SAY CHR(26)
set colorto 9+/rb
@ 10,31SAY " "
set color to r+/b

Ca10,52SAY CHRI26)
@ 10,53SAY "6¥
set colorto gr+/b,gr+/b
set colorto w+/b
@ 10,64SAY "'"
set color to g+/b
@ 10,68SAY "Unfiltered"
set colorto w/b
@ 11,8SAY "_"
set colorto rb+/b
@ 11,23SAY "A_(_"
@ 11,30SAY CHR(26)
set colorto g+/rb
@ 11,31SAY " ControlRoom_"
set colorto w+/b
@ 11,64SAY "'"
set color to g+/b
e 11,69SAY "Source2"
set color to w/b
@ 12,8SAY "_"
set colorto gr+/b
@ 12,17TO 14,20

@ 12,31SAY
. "crvolume"@ 12,39GET crvolumePICTURE"9999999"validvolume(crvolume, )

@ 12,46SAY " _"
set colorto w+/b
@ 12,64SAY "*"
set color to g+/b
@ 12,71SAY "\"
@ 12,73SAY "/"
set colorto w/b
@ 13,8SAY "__"
@ 13,18SAY " "
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@13,30 SAYCHR(26)
set colorto g+/rb.... II

@ 13,31SAY "-
set colorto g+/b
@ 13,52SAY CHR(27)
@ 13,53SAY "_6666_A_666_6¥"
@ 14,35SAY CHR(25)
set colorto bg+/b
@ 14,48SAY CHR(24)
set color to g+/b,g+/b
@ 14,55SAY "Flow"
@ 14,60SAY "rate-"

"flowin2")@ 14,65GET flowin2PICTURE"@L 99999,999"valid flow(flowin2,
set color to gr+/b
@ 15,13SAY "IntakeFilter"
set colorto g+/b
@ 15,32SAY "Leakage"
set colorto bg+/b
@ 15,48SAY "= Flow"
set color to w+/b
@ 15,64SAY "'"
set colorto gr+/b,gr+/b
set colorto bg+/b,bg+/b
@16,48 SAY"= Rate="
@16,55 GETflowin3 PICTURE"@L99999,999" valid flow(flowin3,"f!owln3")
set color to w+/b
@16,64 SAY "Q"
set color to w/b,w/b
@17,12 SAY"Flow rate="
@17,22 GETfiltflowl PICTURE"@L 99999,9" valid flow(filtflow1,"filtflow1")
set color to bg+/b
@17,44 SAY "_66a66£"
set color to w+/b
@17,64 SAY"'"
set color to bg+/b
@18,43 TO 19,44
@18,47 TO 19,48
@ 18,52TO 19,53
@ 18,55SAY "Bottled"
@ 19,57SAY "Air"
set color to b/w,b/w
@22,12say "OccupancyFactor"get occfacvalid (occfac>=O,and,occfac<=1,0)

set color to &std+&pup
return

procedureread filter
SET COLORTO B_W
@ 0,0 SAY " Time step start:"
@ 0,18SAY tstepbegPICTURE"@TI9999,99"
@ 0,25 SAY " end: "
@ 0,31 SAY tstependPICTURE"@TI9999,99"
@ 0,38 SAY " "
set colorto w/b
@ 2,3 SAY "OutsideAir"
@ 2,29SAY "FILTEREFFICIENCIES"
@ 2,64SAY "OutsideAir"
@ 3,5 SAY "Intake"
@ 3,11TO 20,64
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@ 3,66 SAY "Intake"
@ 4,7 SAY "\ /"
set color to r+/b,r+/b
@ 4,30SAY "Recirc"
@ 4,37SAY "Elem.="
@ 4,44GET filt2elePICTURE"99.9999" valid eff(filt2ele,"filt2ele")
set color to bg+/b
@ 4,56 SAY "Intake"
set color to w/b
@ 4,68 SAY "\"
@ 4,70 SAY "/"
@ 5,8 SAY ":"
set color to r+/b,r+/b
@ 5,30 SAY "Filter"
@ 5,37 SAY "Org."
@ 5,42 SAY ":"
@ 5.,44GET filt2orgPICTURE"99.9999"valid eff(filt2org,"filt2org")
setcolor to bg+/b
@ 5,56SAY"Filter"
set color to w/b
@ 5,64SAY "'"
@ 5,69SAY "="
@ 6,8 SAY "="
@,.6,22 SAY "\"
@ 6,24 SAY "/"
set color to r+/b,r+/b
@ 6,31 TO 8,34
@ 6,37 SAY "Part.:"
@ 6,44GET filt2partPICTURE"99.9999"valid eff(filt2part,"filt2part")
set color to bg+/b
@ 6,57TO 8,60
set color to w/b
@ 6,63 SAY " "
@ 6,64TO 16,79
@ 6,64 SAY "QA"
@ 6,69 SAY "_"
@ 7,8 SAY "_"
@ 7,23 SAY "_"
@ 7,28SAY "_"
@ 7,32SAY " "
@ 7,35 SAY "6___@.__"
setcolor to bg+/b,bg+/b
@ 7,58SAY " "
set color to w/b
@ 7,61SAY "_A_¥"
@ 8,8 SAY ":"
@ 8,23 SAY "_"
@ 8,28 SAY "_"
@ 8,54SAY "_"
@ 8,64 SAY "'"
@ 9,8 SAY "_"
@ 9,23SAY "_"
@ 9,2F__y_'""_"
set color to w+/b
@ 9,30TO 14,52DOUBLE
set color to w/b

-- @9,54 SAY :::::
- set color to bg+/b,bg+/b

@9,57 SAY "Elem.-"
@9,64 GETfilt3ele PICTURE"99.9999" valid eff(filt3ele,"filt3ele")

A-'_5



set colorto w/b
@ 10,8SAY "_"
@ 10,23SAY "_"
@ 10,28SAY "AC"

@ 10,30SAY CHR{26)
@ 10,31SAY "
@ 10,52SAY CHR(26)
@ 10,53SAY '"_¥"
set color to bg+/b,bg+/b
@ 10,57SAY "Org."
@ 10 62 SAY "="

' ,, "fiIt3org")@ ]0,64GET filt3orgPICTURE"99.9999 valideff(filt3org,
set color to w/b
@ 11,8SAY "_"
@ 11,23SAY "A_(_"
@ 11,30SAY CHR(26)
@ 11,31SAY "--"
@ 11,35SAY "ControlRoom"
@ 11,49SAY "_"
set color to bg+/b,bg+/b
@ 11,57SAY"Part.="
@ 11,64GET filt3partPICTURE"99.@999"valideff(filt3part,"filt3part")
set colorto w/b
@ 12,8SAY "="
set color to g+/b
@ 12,17TO 14,20
set colorto w/b
@ 12,31SAY " "
@ 12,64SAY "'"
@ 12,71SAY "\"
@ 12,73SAY "/"
@ 13,8SAY "A__"
@ 13,18SAY " "
@ 13,21SAY "__"
@ 13,30SAY CHR(26) ,,
@ 13,31SAY "
@ 13,52SAY CHR(27)
@ 13,53 SAY "(___A__¥"
@ 14,35 SAYCHR(25)
@14,48 SAYCHR(24)
set color to gr+/b,gr+/b
@15,13 SAY "Intake Filter"
set color to w/b
@ 15,48SAY "_ "
@ 15,64SAY "'"
set color to gr+/b,gr+/b
@ 16,14SAY "Elem.-"
@ 16,21GET filtlelePICTURE"99.9999"valid eff(filt]ele,"filtlele")
set color to w/b
@ 16,48SAY "_ "
@ 16,64SAY "Q"
set colorto gr+/b,gr+/b
@ 17,14 SAY"Org."
@ 17,19 SAY"="
@17,21 GEl filtlorg PICTURE"99.9999" valid eff(filtlorg,"filtlorg")
set color to w/b
@ 17,44SAY "_6_£"
@ 17,64SAY "'"
set color to gr+/b,gr+/b
@ 18,14SAY "Part.-"
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@ 18,21 GET filtlpart PICTURE "99.9999" valid eff(filtlpart,"filtlpart")
set color to w/b
@ 18,43 TO 19,44
@ 18,47 TO 19,48
@ 18,52 TO 19,53
set color to g+/b,g+/b
return

procedure set defaults
* carries information for current record forward to next record...
numleft=num fields

append blank
do while numleft>O
skip -I
fld=field(numleft)
st o.re_prev [numI eft ] =&fl d
skip
replace &fld with store_prev[numleft]
numleft:numleft-1

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 I
set color to &std
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[num+3]
bar [1] = ' Select a file"
bar [2] = ' '
bar [3] = ' <create>'
cnt=O
_el[1]=.F,
sel[2]=.F,
if whattodo ='C'
sel[3]=.T.
else
sel[3]=.F.
endif
do while cnt<num

bar [cnt+4] =' '+dbf_file[cnt+1]
sel[cnt+4]=.T.
cnt=cnt+1
enddo
set color to &shadow
i f .n.um_] 0
rw=nutn+6

- endif
- @4,31 to rw,31
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@4,12 to rw,32
set color to &pup
mP.nuchoice=achoice(3,10,15,30,bar,sel,3)
if menuchoice:3
set color to &shadow
@7,41 to 11,41
@7,22 to 11,42
set color to 'bg+/rb+,rb+/bg+,,,bg+/rb+'
@6,20 clear to 10,40
dat file-'
@7,21 say 'Enter filename:'
@8,21 get dat_file valid (.not. empty(dat_file))
read

else

dat_file=dbf_file[menuchoice-3]
endif
restore screen
set color to &old color

return
*end of procedure_select file

procedure sel dat file
* this procedure selects files to use for conhab
set color to &std
rw:16

num=adir(ft.emp)
declare dbf file[num]
adir(ftemp,dbf file)m

asort(dbf file)
old_color=setcolor()
save screen

declare bar[num+3],sel[num+3]
bar [I] = ' Select a file"
bar [2] =' '
bar [3]: '<Not listed>'
cnt:O
sel[1]=.F.
sel[2]=.F.
sel[3]=.T.
do while cnt<num
bar [cnt+4] :' '+dbf_file[cnt+1]
sel [cnt+4]:.T.
cnt:cnt+l
enddo
set color to &shadow
i f num<10
rw=num+6

endif
@4,31 to rw,31
@4,12 to rw,32
set color to &pup
menuchoice=achoice(3,10,15,30,bar,sel ,3)
if menuchoice:3

set color to &shadow
@7,41 to 11,41
@7,22 Lo ii,42

_- set color to 'bg+/rb+,rb+/bg+,,,bg+/rb+'
-- @6,20 clear to 10,40z
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dat file:'

@7,21 say 'Enter filename"
@8,21 get dat_file valid (.not. empty(dat_file))
read

else
dat file:dbf file[menuchoice-3]

endif
restore screen
set color to &old color

return

*end of procedure select_file

procedure write_file
commit

pos=at('.',dat_file)
if pos=O
flnm= Ieft(dat_file,8)+'.dat'

else

flnm=substr(dat_file,l,pos-1)+'.dat'
endif
copy to &flnm DELIMITED
close
return

*end of procedure write_file

*****************

*** FUNCTIONS ***
*****************

function flow
* this function validates flow inputs and converts as necessary
parameter x,fld
num=fieldnum(&fld)
if (lastkey():5 .or. lastkey()=24)
return .T.

endif
save screen
declare bar[6]
bar [1] = ' Select desired units"
bar [2] = ''
bar [4] : ' f.t^3/min '
bar [5] : ' ft^3/sec '
bar [6] : ' mA3/min '
bar [3] = ' mA3/sec '
declare sel[6]
sel[1]:.F
sel[2]=.F
sel[3]:.T

_ sel[4]:.T
sel[5]=.T
sel[6]:.T
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old color:setcol or()
set color to &shadow
@4,52 to 9,77
@4,76 to 9,76
set color to &pup

II

menuchoice=achoice(3,50,8,lS,bar,sel, puphandler",3)
x-&fld
do case
case menuchoice=4

x=x*.O004717
case menuchoice=5

x=x*.0283
case menuchoice=6

x=x/60
endcase
replace &fld with x
restore screen

set color to &old color
R

return .T.

function area
parameter x,fld
num-fi el dnum(&fl d)
if (recno()>1).and. (lastkey()-5 .or. lastkey()=24)
return .T.

endif
save screen
declare bar[4]
bar [I] = ' Select desired units:'
bar [2] = ' '
bar [4] = ' square feet'
bar [3] = ' square meters'
declare sel [4]
sel[l]=.F.
sel[2]=.F.
sel[3]=.T.
sel[4]=.T.
old color-setcolor()
set color to &shadow
@4,52 to 7,77
@4,76 to 7,76
set color to &pup
menuchoice=achoice(3,50,6,75,bar,seI,"puphandler",3)
x:&fld
do case
case menuchoice=4
x=x*.0929
endcase

replace &fld with x
restore screen
set color to &old color
return .T.

function volume
parameter x,fld
num:fieidnum(&fid)
if (recno()>]).and. (lastkey()=5 .or. lastkey()=24) i.
return .T.
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endif
save screen
declare bar[4]
bar [I] - ' Select desired units"
bar [2] : ' '
bar [4] - ' cubic feet'
bar [3] = ' cubic meters'
declare sel [4]
sel[1]=.F.
sel[2]=.F.
sel [3]-.T.
sel[4]=.T.
old color=setcolor()
set color to &shadow
@4,52 to 7,77
@4,76 to 7,76
set color to &pup
menuchoice:achoice(3,SO,6,75,bar,sel,"puphandler",3)
x=&fld
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
num=fieldnum(&fld)
if (recno()>1).and. (lastkey()-5 .or. lastkey()_.24)
return .T.
endif
save screen

declare bar[6]
bar [I] = ' Select desired units"
bar [2] = ' '
bar [4] - ' ft/rain'
bar [5] = ' ft/sec'
bar [6] : ' miles/hour'
bar [3] = ' meters/sec'
declare sel[6]
sel[1]=.F.
sel[2]:.F.
sel[3]=.T.
sel[4]=.T.
sel[5]=.T.
sel[6]=.T.
old color-setco!or()
set color to &shadow
@4,52 to 9,77
@4,76 to 9,76
set color to &pup

"puphandler" 3)menuchoice=achoice(3,50,B,75,bar,sel,
x=&fld
do case
case menuchoice-4
x=x*.00508
case menuchoice-5
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x=x*.3048
case menuchoice=6
x=x*.4476
endcase
replace &fld with x
restore screen
set color to &old color
return .T.

function eff

parameter x,fld
num-fieldnum(&fld)
if (recno()>1).and. (lastkey()=5 .or. lastkey()=24)
return .T.
endif
save screen
declare bar[4]
bar [I] = ' Select desired units"
bar [2] =' '
bar [4] = ' Percent'
bar [3] --' Fraction'
declare sel[4]
sel[1]-.F.
sel[2]=.F.
sel[3]=.T.
sel[4]=.T.
old_color=setcolor()
set color to &shadow
@4,52 to 7,77
@4,76 to 7,76
set color to &pup

"puphandler" 3)menuchoice=achoice(3,50,6,75,bar,sel,
x=&fld
do case
case menuchoice=4
x=x/100.O
endcase
replace &fld with x
restore screen
set color to &old color
return .T.

funct i L_ndist
parameter x,fld
num:fieldnum(&fld)
if (recno()>1) .and.(lastkey():5 .or. lastkey():24)
return .T.

endif
save screen
declare bar[4]
bar [I] =' Select desired units"
bar [2] : ' '
bar [4] : ' feet'
bar [3] = ' meters'
declare sel [4]
_IFII-- _"

-
sel[3]:.T.
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sel[4]:.T.
old color=setcolor()
set color to &shadow
@4,52 to 7,77
@4,76 to 7,76
set color to &pup
menuchoice=achoice(3,50,6,75,bar,sel ,"puphandler",3)
x=&fld
do case
case menuchoice=4
x:x*.3048

endcase
replace &fld with x
restore screen.
set color to &old color
return .T

'Function time unit
parameter x, fld
num=fieldnum(&fld)
if (recno()>l) .and. (lastkey()=5 .or. lastkey()=24)
return .T.

endif
save screen
declare bar[5]
bar [I] = ' Select units"
bar [2] = ' '
bar [3] = ' hours'
bar [4] = ' minutes'
bar [5] : ' seconds'
declare sel [5]
sel[l]=.F.
sel[2]=.F.
sel[3]=.T.
sel[4]=.T.
sel[5]=.T.
old color=setcolor()
set color to &shadow
@4,52 to 8,76
@4,77 to 8,77
set color to &pup
menuchoice=achoice(3,50,7,75,bar,sel ,"puphandler",3)
x:&fld
do case
case menuchoice:4
x=x/60

case menuchoice=5
x:x/3600

'endcase
replace &fld with x
restore screen
set color to &old color
return .T.

*end of popup definitions

function puphandler
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* handles screen edtttng for pop up valtds and gets

parameters mode,curelem,relpos
if mode-3

do case
case lastkey()-],3
ret=]

case lastkey()-Z7
ret-O
otherwise
.ret-2
endcase

else
ret-2

endif
returnret
_*_**_*t_tt_kttttQtttQtttt_t_tt_
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C

c CONHAB
C

c A PROGRAMTO CALCULATECONTROLROOM DOSESDUE TO A POSTULATED
c RELEASEOF FISSIONPRODUCTS
C

c Calls subroutines located in file READDATA.FORand BLDGWAKE,FOR
C

c Principal variables:
C

c CONC(location,nuclide,chemical form): Concentration at each of
c the four source "locations and the control room volume, Ci/m^3
c CIMWT(nuclide): source term. Ci/MWt
c CUMDOSE(organ):cumulative dose to organ, Rem
c CRVOL:control room volume, m^3
c DECAY(nuclide): decay rate. I/ht
c DAUGHTER(nuclide): id number of daughter
c DAUFRAC(nuclide): production fraction of daughter
c DELTAT: length of time step. seconds
c ELAPTIME:elapsed time in seconds.
c FILTEFF(filter no,,nuclide,form) filter efficiency: fraction
c FORMFRAC(qroup,form): form fraction.
c FLOWRATEIiource): flow rate. mA3/s
c FACOCC:occupancy factor
c GROUP(nuclide): group number of nuclide
C OUTFILE: number of output file
c NUCNAME(nuclide): nameof nuclide
c TSEND(file): next start time from each source and hourly schedule
C

C
C

C
C

C
C

C

CHARACTER*20DATFILE,NUCFILE,STFILE(4)
CHARACTER*8NUCNAME(150)
INTEGERDAUGHTER(150),GROUP(150),OUTFILE
REALOHT
DIMENSIONFLOWRATE(7),CONC(5,150,3),FILTEFF(3,150,3),

* DOSE(6),DCF(150,6),DECAY(150),TSEND(5),
* CIMWT(150),CUMDOSE(6),FORMFRAC(5,3),DAUFRAC(150)
COMMON/MET/ AREA,BHT,RHT,WO,FO,DIST,,OHT,UIO,ISTI,IST2,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,
* ELAPTIME
COMMON/GAS/ gas
COMMON/OUT/ OUTFILE
INTEGERWHOLEBODY,SKIN,THYROID,Iung,bone,liver

C
C Initializesome of the variables,,,
C

ELAPT!ME:O:
TSTEPBEG:O,
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TSTEPEND=O,
DO 5 I'1,5
TSEND(1)=O,

5 CONTINUE
DO 6 I=1,6
CUMDOSE(1)-O,

6 CONTINUE
ISTEP-I
TSEND(5)=B,64E4
DO 7 J=1,150
DO 7 K-I,5
DO 7 L=1,3
CONC(K,J,L)-O,O

7 CONTINUE
C
C
C DEFINECONSTANTS:
C

WHOLEBODY=I
SKIN=2
THYROID=3
lung=4
bone=5
liver=6
BR=3.47E-04
OUI'FILE=II

c

C

C Go read systeminformation(numnuc,numsteps,...)
C sets up datafiles: SYSTEMFLOWS= #2
C SOURCETERMs= #3,#4,#8,#9
C OUTPUT= #7
C Also reads in nuclidedata
C

CALL READSYS
C

CALL ECHOIN

C Begin loopinguntil 30 days is up
C

I0 CONTINUE
C

C Check to see what the next time step intervalis:
OLDTIME=ELAPTIME
CALL READDATA
ELAPTIME=TSTEPEND*3600
DO 5O M=1,5
IF (ELAPTIME.GT.TSEND(M))ELAPTIME=TSEND(M)

5O CONTINUE
C

IF (TSEND(5).EQ.ELAPTIME)TSEND(5)=TSEND(5)+8.64E4
DELTAT=ELAPTIME-OLDTIME
gas=deltat

C
g
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C
C
C Begin looping thru all nuclides...
C

DOI00 NUCLIDE:I,NUMNUC

C Calculate flows in and out
C

FLOWOUT-FLOWRATE(_I+FLOWRATE(2)+FLOWRATE(3)+FLOWRATE(4)+* FLOWRATE(
C

c Loop over chemical forms
C

NF=I
IF (GROUP(NUCLIDE).EQ.I)NF:3
DO20 I:I,NF

a:(FLOWOUT+FLOWRATE(5)*FILTEFF(I,NUCLIDE,I))/CRVOL
C
C If a=O, no removal (except decay)
C

IF ((a.NE,O.O).AND.(A*DELTAT<80)) THEN
CONC(5,NUCLIDE,I):CONC(5,NUCLIDE,I)*EXP(-A*DELTAT)
ACTIN=(CONC(I,NUCLIDE,I)*FLOWRATE(1)+CONC(2,NUCLIDE,I)*

* FLOWRATE(2)+CONC(3,NUCLIDE,I)*FLOWRATE(3)*(]-
* FILTEFF(3,NUCLIDE,I))+CONC(4,NUCLIDE,I)*FLOWFLATE(4)*
* (I-FILTEFF(I,NUCLIDE,I))*(I-FILTEFF(2,NUCLIDE,I)))

C * CONC(5,NUCLIDE,I)*CRVOL)
CONC(5,NUCLIDE,I):CONC(5,NUCLIDE,I)+(ACTIN/a-(ACTIN/a)*

* (EXP(-a*DELTAT)))/CRVOL
ENDIF

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

IF (CONC(5,NUCLIDE,I).LT.I.0E-30) THEN
CONC(5,NUCLIDE,I)-O.O

ENDI F
C Calculate doses based on activities..,
C

DOSE(WHOLEBODY):CONC(5,NUCLIDE,I)*DCF(NUCLIDE,WHOLE
* BODY)*DELTAT/(II73/(CRVOL**.338))

DOSE(SKIN):CONC(5,NUCLIDE,I)*DCF(NUCLIDE,SKIN)*
* DELTAT

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

C
DOSE(LUNG)-CONC(5,NUCLIDE,I)*DCF(NUCLIDE,LUNG)*BR*DELTAT
DOSE(BONE)-CONC(5,NUCLIDE,I)*DCF(NUCLIDE,BONE)*BR*DELTAT
DOSE(LIVER):CONC(5,NUCLIDE,I)*DCF(NUCLIDE,LIVER)*BR*DELTAT

C Sumdoses into cumulative dose variables...
C

DO15 NORG=I,6
CUMDOSE(NORG)=CUMDOSE(NORG)+DOSE(NORG)*FACOCC

15 CONTINUE
2O CONTINUE

100 CONTINUE
C
C Go write out time step information to disk and screen...
C
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CALL STEPOUT
C

c Go decay awaynuclidesover currenttime step and add
c back in daughters...
C

CALLDECAYNUC
C
C
C

IF (ELAPTIME/3600..LT.720.)THEN
GOTO 10

ENDIF
C <.... End loop over time (post 30 days at this line)
C

_I_ C Gowrii. t summary information to screen...
_: C

CALL SUMMARY
_: C

CLOSE(OUTFILE)
- STOP-

END

-W c
_ c end of MAIN
= C
z_ C

C

=

• C ..................... '

- SUBROUTINEREADSYS
CHARACTER*20DATFILE,NUCFILE,STFILE(4),DEVICE
CHARACTER*8NUCNAME(150)

= C
C SUBROUTINETO READ IN SYSTEMDATA

= C Reads in number of nuclides and time steps, and data file names
C Also reads in nuclidedata
C

g INTEGERDAUGHTER(1507,GROUP(150), OUTFI LE
DIMENS!ONDCF(150,6),DECAY(150),FORMFRAC(5,3),
_ CIMWT(1507,DAUFRAC(150)
COMMON/SYS/ NUMNUC,NUMSTEPS,DATFILE,NUCFILE,STFILE,ISTEP,DELTAT,
* ELAPTIME
common/nuc/ dcf,daughter,decay,cimwt,GROUP,NUCNAME,FORMFRAC,
* POWER,DAUFP_C

i COMMON/OUT,/ OUTFILE
C

WRITE (6,*)'CHOOSEAN OUTPUTGEVICE"
WRITE (6,*)
WRITE (6,*7 'LPTI --> Outputto printer'
WRITE (6,*7'CON --> OL_tpu_to screen'

_ WRITE (6,*)'filename--> Outpu_to file'
I (fl'__ "I_ If"
WI_J. I E _,o -7

*) 'Outputdevice" 'WRITE (6,
READ(5,'(IA20)')DEVICE
OPEN(OUTFi LE,FI LE:DEVI CE)

IW] OPEN(2,FILE='CRIISYS.DAT', STATUS='OLD',ACCESS='SEQUENTIAL',

B-4



*FORM='FORMATTED"_
READ(2,*)NUMSTEPS,NUMNUC,DATFILE,NUCFILE,(STFILE(1),I=I,4)
close(2)
OPEN.(2,FILE=NUCFILE,STATUS=',OLD',ACCESS='SEQUENTIAL',FORM=
*'FORMATTED')

C
C READ IN NUCLIDEINFORMATION
C

DO 100 N=I,NUMNUC
READ(2,102)NUCNAME(N)
READ(2,1OI)DECAY(N),CIMWT(N)
READ(2,101)(DCF(N,I),I=I,6)
READ(2,]03)I,GROUP(N),DAUGHTER(N),DAUFRAC(N)

102 FORMAT (IX,A8)
101 FORMAT(IPBE13.6)
103 FORMAT(216,18,EI0.3)
100 CONTINUE

CLOSE(2)
OPEN(2,FILE='TIMEIND.DAT',STATUS='OLD',ACCESS='SEQUENTIAL',FORM=
* 'FORMATTED')
READ(2,*)POWER,((FORMFRAC(I,J),J=I,3),I=I,5)
CLOSE(2)

C
OPEN(2,FILE=DATFILE,STATUS='OLD',ACCESS='SEQUENI'IAL',FORM:
*'FORMATTED')
OPEN(3,FiLE=STFILE(1),STATUS='OLD',ACCESS='SEQUENTIAL',FORM:
*'FORMATTED')
OPEN(4,FILE-STFILE(2),STATUS='OLD',ACCESS:'SEQUENTIAL',FORM.
*'FORMATTED')
OPEN(B,FILE=STFILE(3),STATUS='OLD',ACCESS='SEQUENTIAL',FORM=
*'FORMATTED')
OPEN(9,FILE=STFILE(4),STATUS='OLD',ACCESS='SEQUENTIAL',FORM=
*'FORMATTED')
OPEN(7,FILE='CRHOUT.PRN')
OPEN(17,FILE='CRHPLOTR.DAT',STATUS='UNKNOWN')

RETURN
END

C
c ...endof readsys
C

C ........................................

SUBROUTINEECHOIN
C

C Subroutineto echo case input informationto printer/screen
C

CHARACTER*20DATFILE,NUCFILE,STFILE(4)
CHARACTER*8NUCNAME(150)
CHARACTERPGEJECT
INTEGERDAUGHTER(150),GROUP(1507,0UTFILE
DIMENSIONDCF(150,6),DECAY(150),FORMFRAC(5,3),
* CIMWT(150),DAUFRAC(150)
COMMON/SYS/ NUMNUC,NUMSTEPS,DATFILE,NUCFILE,STFILE,ISTEP,DELTAT,
* ELAPTIME
common/nuc/ dcf,daughter,decay,cimwt,GROUP,NUCNAME,FORMFRAC,
* POWER,DAUFRAC
COMMON/OUT/ OUTFILE =

C
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PGEJECT=CHAR(I2)
C

WRXTE (OUTFILE,*)
WRITE (OUTFILE,IO00) .
WRITE (OUTFILE,I010)
WRITE (OUTFILE,*)
WRITE (OUTFILE,*)
WRITE (OUTFILE,*)
WRIIE (OUTFILE,*)
WRITE (OUTFILE,*)'INPUTDATA FILES FOR THIS CASE"
WRITE (OUTFILE,*)
WRITE (OUTFILE,.*)'Meteorologyand systemflowdata file: ',datfile
WRITE (OUTFILE,*)'Nucleardata file: ',nucfile

•)'Unfilteredsourcefile #I:WR!lE (OUTFILE, ',
• stfile(1)
WRITE (OUTFILE,*)'Unfilteredsourcefile #2' ',
• stfile(2)
WRITE (OUTFILE,*)'Sourceto filteredintake#I' ',

• stfile(3)
WRITE (OUTFILE,*)'Sourceto filteredintake#2 (recirc)"',
• stfile(4)
WRITE (OUTFILE,*)
WRITE (OUTFILE,*)
WRITE (OUTFILE,*)
WRIIE (OUTFILE,*)
WRITE (OUTFILE,_)'TIMEINDEPENDENTDATA"
WRIIE (OUTF.ILE,*)
WRITE (OUTFILE,*)'ReactorPower Level (MWt)' ',power
WRITE (OUTFILE,I020)
WRITE (OUTFILE,I030)
WRITE (OUTFILE,IO40)'HALOGENS',(FORMF_C(I,I),I=I,3)
WRITE (OUTFILE,IO40)'NOBLES ',(FORMF_C(2,1),I=I,3)
WRITE (OUTFILE,IO40)'SODIUMS',(FORMFRJ_C(3,1),I=I,3)
WRITE (OUTFILE,IO40)'SOLIDS ',(FORMFRAC(4,1),I:I,3)
WRiTE {OE_'FFILE,IO40)'PLUTONIUMS',(FORMFRAC(5,1),I-],3)

1000FORMAT(34X,'C0 N H A B')
1010FORMAT(23X,'ControlRoom Habit.abilityProgram')
1020FORMAT(33X,'FORMFRACTIONS')

'ELEMENTAL'6X 'ORGANIC',8X1030FORMAT(IX,'ISOTOPICGROUP',6X, , , ,
* 'PARTICULATES')

1040FORMAT(IX,AIO,IOX,3(F6.4,gx))

RETURN
END

SUBROUTINEDECAYNUC .
c
c Decays nuclidesin CR and at each of the 4 sourcelocations.

_=u over lt_-t n....N+.....a ,AAaA )_,._
C in at all locations. Decay and daughterre-evolutionoff of
c filtershas not been added yet. Note that FPFPdoes not account
c for decay, so READDATAautomaticallydecaysnuclidesfrom start
¢ of the accidentas they are introducedintothe system. After
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c that, decay takes place as above.
C

CHARACTER*8NUCNAME(150)
INTEGERDAUGHTER(]50),GROUP(150)

DIMENSIONFLOWRATE(l),CONC(5,150,3),FILTEFF(3,150,3),
* DOSE(6),DCF(150,6),DECAY(150),TSEND(5),
* CINWT(150),CUMDOSE(6),FORMFRAC(5,3),DAUFRAC(]50),a(5,
* 1.50)
COMMON/MET/ AREA,BHT,RHT,WO,FO,DIST,OHT,UIO,IST],IST2,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,
* ELAPTIME
COMMON/GAS/ gas

C

c Calculatedecay
c variableA will containcuriesof nuclidedecayed
C Settingdaughter(nucnum)-Ofor each nuclidewill suppress
c daughteringrowth...
C

deltat=gas
DO I00 N=I,NUMNUC
DO 75 J=1,5
A(J,N):O.
DO 50 I:I,3
DEKAY=CONC(J,N,I)*(EXP(-DECAY(N)*2.178E-4*DELTAT})
A(J,N):CONC(J,N,I)-DEKAY

• +A(J,N)
CONC(J,N,I)=DEKAY

50 CONTINUE
75 CONTINUE
100 CONTINUE

C

c Now add in daughters...
C

DO 200 N=I,NUMNUC
IF (DAUGHTER(N).NE.O) THEN
DO 175 J=1,5
DO 150 I=1,3
CONC(j,(DAUGHTER(N)),I)-CONC(J,(DAUGHTER(N)),I)+

• A(J,N)*FORMFRAC(GROUP(DAUGHTER(N)),I)*DAUFRAC(N)
150 CONTINUE
175 CONTINUE

ENDIF
2O0 CONTINUE

RETURN
END

c ...endof decay

C

C ........................................ _t__t_

_- SUBROUTINESTEPOUT
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CHARACTERPGEJECT
CHARACTER*20DATFILE,NUCFILE,STFILE(4)
CHARACTER*8NUCNAME(150)
INTEGERDAUGHTER(150),GROUP(150),OUTFILE
REALOHT
DIMENSIONFLOWRATE(7),CONC(5,150,3),FILTEFF(3,150,3),

* DOSE(6),DCF(150,6),DECAY(150),TSEND(5),
* CIMWT(150),CUMDOSE(6),FORMFRAC(5,3),DAUFRAC(150) "
COMMON/MET/ AREA,BHT,RHT,WO,FO,DIST,OHT,UIO,ISTI,IST2,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,
* ELAPTIME
COMMON/GAS/ gas
COMMON/OUT/ OUTFILE
PGEJECT=CHAR(12)

C
C WRITE HEADERTO SCREEN
C

WRITE (OUTFILE,*)PGEJECT
WRITE (OUTFILE,*)
WRITE (OUTFILE,*)'TIMESTEP START:',(Elaptime-DELTAT)/3600.
WRITE (OUTFILE,*)'TIMESTEP END: ',(elaptime)/3600.
WRITE (OUTFILE,*)
WRITE (OUTFILE,*)'Buildingcross sectionalarea (m^2)• ',area
WRITE (OUTFILE,*)'Buildingheight (m)' ',bht
WRITE (OUTFILE,*)'Releaseheight (m)' ',rht
WRIT'.(OUTFILE,*)'Effluentverticalvelocity(m/s)' ',WO

' *)'Effluentflow rate (m^3/s) ' FOWr : (OUTFILE, . ,
W .FE (OUTFILE,*)'Horizontaldistanceto receptor(m): ',dist
WRITE (OUTFILE,*)'Airintakeheight(m) ',oht
WRITE (OUTFILE,*)'Windspeed(m/s): ',u10
WRITE (OUTFILE,*)'Verticaldispersionclass" ',istl
WRITE (OUTFILE,*)'Horizontaldispersionclass' ',ist2
WRITE (OUTFILE,*)
WRITE (OUTFILE,*)'FIowin from unfilteredsourceI (mA3/s)' ',
• flowrate(1)
WRITE (OUTFILE,*)'FIowin from unfilteredsource2 (m^3/s)'',
• flowrate(2)
WRITE (OUTFILE,*)'FilteredintakeflowsourceI (m^3/s). ',

• flowrate(3)
WRITE(OUTFILE,IO20)'Filter efficiency #i (ele,org,part frac)' ',

• (filteff(3,5g, I),I=1,3)
WRITE(OUTFILE,*)'Recirculation flow rate (mA3/S)' ',
• flowrate(5)
WRITE (OUTFILE,IO20)'Recircfilterefficiency(e,o,pfrac)' ',
• (filteff(1,5g,I),I=1,3)
WRITE (OUTFIl.E,*)'Filteredintakeflow 2 (feedsrecirc)' ',
• flowrate(4)
WRITE (OUTFILE,1020)'Intake2 filterefficiency(e,o,pfrac)' ',

- * (fiIteff(2,59,I),I:I,3)
WRITE (OUTFILE,*)'Bottledair flow rate (m^3/s)• ',
• flowrate(6)
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WRITE(OUTFILE,*)'Control room volume (m^3): _,
* crvol
WRITE(OUTFILE,*)
WRITE(OUTFILE,*)

WRITE (OUTFILE,IOOO)'CUMULAT!VEDOSE'
WRITE (OUTFILE,IO05) . .
WRITE (OUTFILE,I010) " .,
WRITE (OUTFILE, ') /',

WRITE (OUTFILE,I045)ELAPTYIME/3600.,(CUMDOSE(1),1=I,6)
WRITE (17,1050)ELAPTIME/3600.,(CUMDOSE(1),I=I,6)

1000FORMAT (32X,AIS)
'ENDTIME' IX ' WH BODY ' IX ' SKIN ' IX1005FORMAI(IX, , , , , , ,

* _ THYROID' IX
* ' LUNG ',IX,' BONE ',IX,'LIVER ')

1010FORMAT(IX,' HOURS ',6(' REM '))
1020FORMAT (IX,A42,3(F6.4,BX))
1045FORMAT(1X,IPE9.3,6(IX,IPE9.3))
1050FORMAT(7(1X,OPF16.8))

RETURN
END

C

c end of stepout
C

C

C -*************
SUBROUTINESUMMARY

CHARACTER*20DATFILE,NUCFILE,STFILE(4)
CHA_CTER*8 NUCNAME(150)
INTEGERDAUGHTER(150),GROUP(150),NUMSTEPS,OUTFILE
REALOHT
DIMENSIONFLOWRATE(7),CONC(5,150,3),FILTEFF(3,150,3),
* DOSE(6),DCF(150,B),DECAY(I50),TSEND(5),
* CIMWT(150),CUMDOSE(6),FORMFRAC(5,3),DAUFRAC(150)
COMMON/MET/ AREA,BHT,RHT,WO,FO,DIST,OHT,UIO,ISTI,IST2,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,
* ELAPTIME
COMMON/GAS/ gas
COMMON/OUT/ OUTFIL2

ITEMP=OUTFILE
C WRITE SUMMARYTO OUTPUTDEVICEAND TO SCREEN

DO 10 I=1,2
WRITE (OUTFILE,*)
WRITE (OUTFILE,*)' SUMMARY'
WRITE (OUTFILE,*)
WRITE (OUTFILE,*)' ORGAN ',' DOSE (REM)'
WRITE (OUTFILE,*)'WHOLEBODY DOSE' ',CUMDOSE(1)
WRITE (OUTFILE,*)'SKINDOSE: ',CUMDOSE(2)
WRITE (OUTFILE,*)'THYROIDDOSE" ',CUMDOSE(3)
WRITE (OUTFILE,*)'LUNGDOSE' ',CUMDOSE(4)

) ..... ()w,ITE _UUI.......rlLE,_ aunt.....uu_t• ',CUMDOSE5
WRITE (OUTFILE,*)'LIVERDOSE' ',CUMDOSE(6)
WRITE (OUTFILE,*)
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,) i .WRITE (OUTFILE, - > End of calculation<--'
IF (OUTFILE.NE.6)THEN
OUTFILE=6

ELSE
RETURN

ENDIF
I0 CONTINUE

RETURN
END

C

C

C .............. °..........................

SUBROUTINEREADDATA
C

C Subroutineto read in flow and met data and sourcedata
c as necessary,based on whetheristepequalsa starttime
c in one or more of the data files. Recall#2 is flowdata,
c #3 and #4 are FPFP data, and #8 and #9 are TACT5data.
c

c FPFPdata must be decayedafter it is read in, and a,so
c must be forced intothe 5 groupdivisionsand 3 chemical
c forms.
c

c TACT5data is read in directly, lt is the users responsibility
c to make sure that such thingsas chemicalform fractionsand
c power level are kept constantin all data files.
C
C
C
C

CHARACTER*20DATFILE,NUCFILE,STFILE(4)
CHARACTER*8NUCNAME(150)
INTEGERGROUP(150),DAUGHTER(150)
REALOHT,mpf,IFRAC,NOBLEFRAC
DIMENSIONFLOWRATE(7),CONC(5,150,3),FILTEFF(3,150,3),
* DOSE(B),DCF(150,6),DECAY(150),TSEND(5),FILT(3,3),
* CIMWT(150),CUMDOSE(6),FORMFRAC(5,3),daufrac(150)
COMMON/MET/ AREA,BHT,RHT,WO,FO,DIST,OHT,UIO:ISTI,IST2,XQ
COMMON/FLOW/TSTEPBEG,TSTEPEND,FLOWRATE,CONC,
* FILTEFF,CRVOL,dose,BR,cumdose,TSEND,facocc
common/nuc/ dcf,daughter,decay,cimwt,GROUP,NUCNAME,FORMFP_AC,
* POWER,daufrac
COMMON/SYS/ NUMNUC,NUMSTEPS,DATFILE,NUCFILE,STFILE,ISTEP,DELTAT,
* ELAPTIME
COMMON/FIL/ NUMFILE

C

IF (ELAPTIME.GE.TSTEPEND*3600.)THEN
CALL READCRH

ENDIF

DO I00 NUMFILE=I,2
IF (ELAPTIME.GE.TSEND(NUMFILE))THEN
CALL READFPFP

ENDIF
100CONTINUE

DO 200 NUMFILE:3,4
IF (ELAPTIME.GE.TSEND(NUMFILE))THEN
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CALL READTACT
ENDIF

20O CONTINUE
RETURN
END

SUBROUTINEREADCRH
C
C
C

CHARACTER*20DATFILE,NUCFILE,STFILE(4)
CHARACTER*8NUCNAME(150)
INTEGERGROUP(150),DAUGHTER(150)
REALOHT,mpf,IFRAC,NOBLEFRAC
DIMENSIONFLOWRATE(7),CONC(5,150,3),FILTEFF(3,150,3),
* DOSE(6),DCF(150,6),DECAY(150),TSEND(5),FILT(3,3),
* CIMWT(150),CUMDOSE(6),FORMFRAC(5,3),daufrac(150)
COMMON/MET/ AREA,BHT,RHT,WO,FO,DIST,OHT,UIO,ISTI,IST2,XQ
COMMON/FLOW/TSTEPBEG,TSTEPEND,FLOWRATE,CONC,
* FILTEFF,CRVOL,dose,BR,cunw_ose,TSEND,facocc
common/nuc/ dcf,daughter,decay,cimwt_GROUP,NUCNAJ_E,FORMFRAC,
* POWER,daufrac
COMMON/SYS/ NUMNUC,NUMSTEPS,DATFILE,NUCFILE,STFILE,ISTEP,DELTAT,
* ELAPTIME
COMMON/GAS/ gas

C

C
C

c TSTEP is in hours,istep is in seconds...
c

read(2,*)AREA,BHT,RHT,WO,FO,DIST,OHT,UIO,
* ISTI,IST2,TSTEPBEG,TSTEPEND,FLOWRATE(1),FLOWRATE(2),
* FLOWRATE(6),FILT(3,1),
* FILT(I,I),FILT(2,1),FLOWRATE(3),FLOWRATE(5),
* FLOWRATE(4),STI,ST2,
* ST3,STFILTI,STFILT2,STFILT3,CRVOL,FILT(3,2),
* FILT(3,3),FILT(I,2),FILT(I,3),FILT(2,2),FILT(2,3),
* FACOCC

C
C Now need to set up the array filteff()for each nuclide...
C halogens(form)-filt(form)
c nob'les()-O.
c Na,solids,Pu(form)-filt(particulate)
C

DO 10 N-I,NUMNUC
IF (GROUP(N).EQ,I)THEN
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DO I J:I,3
DO 1 I=1,3

FILTEFF(O,N,I)=FILT(J,I)
i CONTINUE

ELSE IF (GROUP(N).EQ.2)THEN
DO2 J=l,3
DO2 I=1,3
FILTEFF(J,N,I}=O.O

2 CONTINUE
ELSE
DO3 J_1,3
DO 3 I=1,3
FILTEFF(J,N,I)=FILT(J,3)

3 CONTINUE
ENDIF

10 CONTINUE
C

C
C Need to calculatethe new X/Q...
C

OLDXQ:XQ
IF (OLDXQ.EQ.O.)OLDXQ:I.
XQ=WMOD(AREA,BHT,RHT,WO,FO,DIST,OHT,UIO,ISTI,IST2)

C

C Need to adjustconcentrationsat pointsthree and four
c . to accountfor the new X/Q...

DO 20 NUC:I,NUMNUC
DO 20 M=3,4
DO 20 I=1,3
CONC(M,NUC,I)=CONC(M,NUC,I)*XQ/OLDXQ

2O CONTINUE
C

RETURN
END

C

SUBROUTINEREADFPFP
CHARACTER*20DATFILE,NUCFILE,STFILE(4)
CHARACTER*8NUCNAME(ISO)
INTEGERGROUP(150),DAUGHTER(150)
REALOHT,mpf,IFRAC,NOBLEFRAC
DIMENSIONFLOWRATE(7},CONC(5,150,3),FILTEFF(3,150,3),
* DOSE(6),DCF(]50,6),DECAY(150),TSEND(5),FILT(3,3),
* CIMWT(150),CUMDOSE(6},FORMFRAC(5,3),daufrac(150)
COMMON/MET/ AREA,BHT,IHT,WO,FO,DIST,OHT,UIO,ISTI,IST2,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,
* ELAPTIME
COMMON/FIL/ NUMFILE

C

fpm=35.315
C

TSOLD=TSEND(NUMFILE)
c

_ c if encounterend of file before720 hours,keep same source.
= C
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* end:t000)NOBLEFRAC,IFRAC,PARTFRAC,READ(NUMFILE+2,,
* TSEND(NUMFILE)

C
TSEND(NUMFILE)-TSEND(NUMFILE)*60.

C Now convertthese core fractions/ft^3to ci/m^3for each
c nuclidebasedon group number
C

DO I00 NUC:I,NUMNUC
IF (GROUP(NUC).EQ.I)FRAC:IFRAC
IF (GROUP(NUC).EQ.2)FRAC=NOBLEFRAC
IF (GROUP(NUC).EQ.3)FRAC-PARTFRAC
IF (GROUP(NUC).EQ.4)FRAC=PARTFRAC
IF (GROUP(NUC).EQ.5)FRAC:PARTFRAC
DO 50 1:I,3
IF ((GROUP(NUC).EQ.I).AND.(I.EQ.3))FRAC=PARTFRAC
CI:POWER*CIMWT(NUC)*FORMFRAC(GROUP(NUC),I)*FRAC*fpm

C
C Now decay since time zero becauseFPFP doesn't...
C (if decay*tsoldis greaterthan 30, don'tdecay so as to
C avoiaNAN's. Decaywill be well below anythingsignificant)
C

IF (DECAY(NUC)*TSOLD/3600.LT.30)THEN
CONC(NUMFILE,NUC,I)=CI*(EXP(-DECAY(NUC)*(TSOLD)/3600.))
ENDIF

5O CONTINUE
lO0 CONTINUE

RETURN
IC_0 TSEND(NUMFILE)=2.6E6

RETURN
END

C

c Read in TACT5data as necessary...
SUBROUTINEREADTACT
CHARACTER*20DATFILE,NUCFTLE,STFILE(4)
CHARACTER*8NUCNAME(150),NAME
INTEGERGROUP(150),DAUGHTER(150)
REALOHT,mpf,IFRAC,NOBLEF_C
DIMENSIONFLOWRATE(7),CONC(5,150,3),FILTEFF(3,150,3),
* DOSE(6),DCF(150,6),DECAY(150),TSEND(5),FILT(3,3),
* CIMWT(150),CUMDOSE(6),FORMFRAC(5,3),daufrac(150)
COMMON/MET/ AREA,BHT,RHT,WO,FO,DIST,OHT,UIO,ISTI,IST2,XQ
COMMON/FLOW/ TSTEPBEG,TSTEPEND,FLOWRATE,CONC,
* FILTEFF,CRVOL,dose,BR,cumdose,TSEND,FACOCC
common/nuc/ dcf,daughter,decay,cimwt,GROUP,NUCNAME,FORMFR_,C,
* POWER,daufrac
COMMON/SYS/ NUMNUC_NUMSTEPS,DATFILE,NUCFILE,STFILE,ISTEP,DELTAT,
* ELAPTIME
COMMON/FIL/ NUMFILE

C

C

C Need to convert curies released to a concentration...
C

WRITE(6,*7
........ ,) INIICIT_F i 'C_NPFNTPATTNN AT TNTAVF'WPTTF (_, ........ , ..............................

DO300 NUC=I,NUMNUC
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READ(NUMFILE+5,1000)NAME,IGRP,Cl
IF (NAME.EQ.'END')THEN

TSEND(NUMFILE)-CI*3600.
RETURN

ENDIF
IF (IGRP.EQ.I)THEN

READ(NUMFILE+5,1000)NAME,IGRP,CI2
READ(NUMFILE+5,1000)NAME,IGRP,CI3
CI-CI+CI2+CI3

ENDIF
C
C Now find name in nuclidelist and retrieveindexnumber
C

DO 10 J-1,122
IF (NAME.EQ.NUCNAME(J))GOTO 11

I0 CONTINUE
11 NC-J

C

c Now convert to concentration as follows...
c (Q(Ci)*X/Q(s/m^3)/[windspeed{m/s)*distance(m)])
C At the same time,multiplyby form fractions
c

DO 250 I-1,3
CONC(NUMFILE,NC,I)-(CI*XQ*UIO/DIST*

* FORMFRAC(IGRP,I))-CONC(NUMFILE,NC,I)
WRITE (6,*)NAME,CONC(NUMFILE,NC,I)

C

250 CONTINUE

30O CONTINUE

C
C
1000FORMAT(IX,AB,2X,IIO,F16.8)

return
end

c ...endof readdata
C

FUNCTIONWMOD(AREA,BHT,RHT,WO,FO,DIST,OHT,UIO,ISTI,IST2)
C
C FUNCTIONWMOD
C
C COMPUTESDIFFUSIONESTIMATESFOR RELEASESIN
C BUILDINGWAKES
C
C REF. RAMSDELL,NUREG/CR-5055
C
C INPUT:
C BLDG AREA - AREA
C BLDG HEIGHT - BHT
C RELEASEHT - RHT
C EFFLUENTVERTICALVELOCITY- WO
C FLOW (M^3/SEC)- FO
C HORIZ.DIST TO RECEPTOR(M) - DIST
C RECEPTORHEIGHT - OHT
C WIND SPEEDAT IOM - UIO
C VERT DIFF CLASS - ISTI

-_ C HORIZ DIFF CLASS - IST2
C
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C OUTPUT:
C WMOD- X/Q IN S/M^3
C
C

PI=3. 1415927

C0=150.
CX=-I.2
CU-0.68
CA=CX

C
CALLSSlGMA(DIST,ISI'I,IST2,SIGMAZ,SlGMAY)

PLUMED=PI*SIGMAY*SlGMAZ*UIO
C COMPUTELIMITING DISTANCEFORWAKEENHANCEMENTTO DIFF RATE

CL-SQRT(AREA)
XS=DIST+ABS(RHT-OHT)
XSL=AMINI(XS,20.O*CL)
BMOD=CO*UIO**CU*SQRT(FLOAT(ISTI))*AREA**CA*XSL**CX
WXOq:I.O/(FO+PLUMED+I.0/BMOD)
IF (WO.GT. O. .AND. RHT .GE, BHT) THEN

C SPLIt H MODEL
CALLPROFILE(UIO,ISTI,RHT,RHU)
PLUMED-PI*SlGMAY*SIGMAZ*RHU
VEXP=EXP(-O.5*(RHT/SlGMAZ)**2)
EMOD=VEXP/PLUMED
WR-WO/RHU
IF (WR .GT. 1.0) THEN

C COMPUTEFRACTIONOF TIME PLUMEIS IN WAKE
IF (WR .LE. 1.5) THEN

WF:2.58-].58*WR
ELSE IF (WR .LT. 5.0) THEN

WF=O.3-O.O6*WR
ELSE

WF=O.O
ENDIF

WMOD:(I.O-WF)*EMOD+WF*WXOQ
ELSE

C PLUMEIS IN WAKEALL OF THE TIME
WMOD=WXOQ
ENDIF

ELSE
C PLUMEIS ENTRAINEDIN WAKE

WMOD=WXOQ
ENDIF

C WRITE(6,*) 'WMOD:',WMOD
RETURN
END

C
SUBROUTINESSIGMA(X,STABZ,STABY,SIGMAZ,SlGMAY)

C
C

REAL AY(7),AZ(I,3),BZ(7,3),CZ(7,3)
TklTrP_n rTAD_ @TAnV
LIqlL_F._ JIMU_}JI_UI

DATA AY/ 0.3658,.2751,.2089,.1471,.I046,.0722,.0481/

B-15



DATA AZ/_i92,,156,.116,.079,.063,.053,.032,
.00066,.0382,.113,.222,.211,,086,.052,

+ .00024,.055,.113,1,26,6,73,18.05,10.83/
DATA BZ/.g36,.g22,.gOB,.881,.B71,.BI4,.Bi4,
+ 1.941,1.14g,.911,.725,.678,.74,.74,
+ 2,094,1.098,.911,.516,,305,.18,,18/
DATA CZ/O.,O.,O,,O,,O.,O.,O.,
+ 9.27,3,3,0.,-I.7,-I.3,-.35,.21,
+ -9.6,2.,0.,-13.,-34.,-48,6,-29.2/

ISY-STABY
IF(STABY.LT. I .OR.STABY .GT.7) ISY-STABZ
SIGMAY-AY(ISY)*X**.9031
IF (X.LE.I00.)THEN
SIGMAZ-AZ(STABZ,I)*X**BZ(STABZ,I)
ELSE IF(X.LE.I000.)THEN
SIGMAZ-AZ(STABZ,Z)*X**BZ(STABZ,2)+CZ(STABZ,2)
ELSE IF(X.GT.IO00.)THEN
SIGMAZ-AZ(STABZ,3)*X**BZ(STABZ,3)+CZ(STABZ,3)
ENDIF
RETURN
END

C

SUBROUTINEPROFILE(SPD,IST,SHGHT,RSPD)

DIMENSIONMOI.(7)
DATA MOL/-8,-14,-25,-1000,100,40,20/
PI-3.1415927

IF (IST.LE.3)THEN
Y-(I-16*SHGHT/MOL(IST))**.25
PSI-ALOG((.5+Y*Y/2)*(.5+Y/2)**2)-2*ATAN(Y)+PI/2
Y1-(I-16*IO./MOL(IST))**.25

PSII-ALOGI(.5+YI*_/2!*(.5+YI/2)**2),,,,_2*ATAN(YI)+PI/2RSPD-SPD*ALOG(SHGHT/I)-PSI,/,ALOG,,O./.I)-PS1I)
ELSE IF(IST.GE.5)THEK
RSPD-SPD*(ALOG(SHGHT/.I)+5.*SHGHT/MOL(IST))
+ /(ALOG(IO./.I)+5.*IO./MOL(IST))
ELSE
RSPD-SPD*ALOG(SHGHT/.I)/ALOG(IO./.I)
ENDIF
RETURN
END
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C" -"......................................................... _'k__

c PROGRAMTO CALCULATECONTROLROOM EXPOSURETO TOXGAS
C

C

C

C

C

C

REALMEAN(I000)
CHARJ_CTER*20SYSFLOW,EXTRAN
DIMENSIONFLOWP_ATE(7),CONC(I000),TIME(1000),EXPOS(lO00),
* CRCONC(1000)

C

TSTEPBEG=O.
TSTEPEND=O.

C
10 WRITE (6,*) 'ENTERNAMEOF SYSTEMFt.OWDATA FILE: '

READ (5,2000)SYSFLOW
WRITE (6,*)

20 WRITE (6,*)'ENTERNAME OF EXTRANOUTPUTFILE: '
READ(5,2000)EXTRAN

2000 FORMAT(A20)
OPEN (2,FILE=SYSFLOW,STATUS:'OLD',ACCESS='SEQUENTIAL',FORM:
* 'FORMATTED',ERR=lO)
OPEN (3,FILE=EXTRAN,STATUS='OLn',ACCESS='SEQUENTIAL',FORM:
* 'FORMATTED',ERR=20)

C
DO 21 I:0,1000
READ(3,*,ERR=lO00,END=30)TIME(1),CONC(1)

21 CONTINUE
1000WRITE (6,*) 'ERRORREADINGFILE...',TIME(1)

CLOSE (3)
GOTO 10

30 CONTINUE

WRITE (6,2010)'CH E M C 0 D E'
2010 FORMAT(3OX,AI8)

WRITE (6,*)
WRITE (6,*)

C
DO 200 ISTEP=O,I-I

IF (ISTEP.EQ.I-I)TIME(ISTEP+I)=TIME(ISTEP)+DELTAT
DELTAT-TIME(ISTEP+I)-TIME(ISTEP)

C
IF (ISTEP*DELTAT.GE.TSTEPEND*3600.)THEN

read(2,*)AREA,BHT,RHT,WO,FO,DIST,OHT,UIO,
* ISTI,IST2,TSTEPBEG,TSTEPEND,FLOWRATE(I),FLOWRATE(2),
* FLOWRATE(6),fiIt,
* FILT,FILT,FLOWRATE(3),FLOWRJ_TE(5),
* FLOWRJ_TE(4),STI,ST2,
* ST3,STFILTI,STFILT2,STFILT3,CRVOL

FNDIF

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

C

C

a=(FLOWOUT)/CRVOL
C
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C If a:O, no removal (except decay)
C

IF (A.LT.-88.) A:-87
IF (A.GT.88) A=87
IF (a.NE.O.) THEN
ACTIN:(CONC(ISTEP)*FLOWRATE(1)+CONC(ISTEP)*

* FLOWRATE(2)+CONC(ISTEP)*FLOWRATE(3))
IF (ISTEP.EQ.O) THEN

CROLD:O.
ELSE

CROLD:CRCONC(ISTEP-I)
ENDIF
CRCONC(ISTEP)=CROLD*EXP(-a*DELTAT)+

* (ACTIN/a-(ACTIN/a)*(EXP(-a*DELTAT)))/CRVOL
C
C

ENDIF
C
C Calculate EXPOSUREANDMEAN...

IF (ISTEP.EQ.O) EXPOS(ISTEP)=CRCONC(ISTEP)*DELTAT
IF(ISTEP.GT.O) EXPOS(ISTEP)-EXPOS(ISTEP-I)+CRCONC(ISTEP)*

* DELTAT
MEAN(ISTEP)-EXPOS(ISTEP)/((ISTEP+I)*DELTAT)

C

2O0 CONTINUE
C
C Go write out summary information to screen...
C

OPEN(7,FILE='CRHPLOTC.DAT')
WRITE(6,3010)'TIME' 'CONCENTRATION''EXPOSURE','MEANCONC'
WRITE (6,3020)'min',_g/m^3','g-s/m^3_,'g/m^3'
DO 300 ISTEP=O,I-I
WRITE (6,*)TIME(ISTEP),CRCONC(ISTEP),EXPOS(ISTEP),MEAN(ISTEP)
WRITE (7,3000)TIME(ISTEP),CRCONC(ISTEP),EXPOS(ISTEP),MEAN(ISTEP)

300 CONTINUE
3000 FORMAT(IX,4(OPF16.8))
3010 FORMAT(8X,A4,gX,AI3,BX,A8,9X,A9)
3020 FORMAT(8X,A3,14X,A5,1OX,A7,1OX,A5)

STOP
END
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* PROGRAMCRHPLOTR.PRG

* A PLOTTING PROGRAMFOR OUTPUTFROMCONHAB.

* REQUIRESSOMEFORMO; GRAPHICSADAPTER
,

* UTILIZES FLIPPER GRAPHICSROUTINES

clear
prt:'N'
@5,1 say 'Send graph to printer? ' get prt
read
clear
if prt$'Yy'

@1,1 say 'Highlight your printer and hit return...'
declare prnt[75]
afill (prnt,"")
for i:I to 75
prnt[i]=prt_load(i,'prx.tbl' )

next i
prtr:achoice(3,30,20,50,prnt)
clear

endif
FLIP_INIT(6000)

clear
mdl30='N'
@7,1 say 'Do you have an IBM PS-2 _odel 30 (Y/N)? ' get mdl30
read
if mdl30$' Yy'

set disply(3)
graphmode(9)

endif

min fh=font_open("rmn8 17.@'°)
max fh=FONT OPEN("RMN8 21.@")
sm=font_open("rmnS_12.@")

INITDATA(4)
SET TYPE(I,2)
set_type(2,2)
set_type(3,2)
*set_type(4,2)
*set_type(5,2)

USE CRHOUT.DBF
ZAP
APPEND FROM CRHPLOTR.DAT DELl WITH BLANK
GO TOP
W=O
T=O
TM=O

DO WHILE .NOT. EOF()

if (wb<>O).and.(sk<>O).and.(_h<>O)
STORE_DATA(X,WB,SK,TH)
endif
SKIP
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ENDDO
set miss(2)
set-mvalue(.0001)
set-mstyle(1)

SET YLOG(1)

G LABEL( "Dose versus Time")
x-I abel ("Time (hours)")
y-I abel ("Dose (rem)")

set legend(l,"Whole Body")
set-I egend ( 3, "Thyro i d")
set-legend( 2, "Skin")

set style(2,2)
set_-style(3,3)

set In_pat(0,6)
set-In_pat(2,0)
set_In_pat(3,0)

SET G FONT(max_fh)
SET-S-FONT(min_fh)
set_l_font(min_fh)

set_area(0,O,80,IO0)
set_grid(O)
PLOT()
say_legend(atx_dl,2),aty(25,2),1,0)

if prt$'Yy'
prt_stat(1)
prt size(7,6,1)
prt_screen('prn',prtr,'prx.tbl',atx(O,2),aty(O,2),atx(lOO,2),aty(lO0,2))
eject

endif
inkey(O)

TEXTMODE()

INITDATA(4)
SET_TYPE(I,2)

go top
DO WHILE .NOT. EOF()
STORE DATA(X,WB,SK,TH)
SKIP
ENDDO
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set_yside(0,1)
y_label2(" ")
set_yside(O,O)
G LABEL("Thyroid Dose")
x-Iabel("Time (hours)")
y_label("Dose (rem)")

set In_pat(O,6)
set_yskip(2)
SET G FONT(sm)
SET S FONT(sm)
set 1 font(sm)

set_type(2,0)
set_type(l,O)
set_area(O,O,48,48)
set_grid(O)
PLOT()

set_area(52,0,100,48)
set type(l,2)
set_type(2,0)
set_type(3,0)
g_label("Whole Body Dose")
plot()

set area(O,52,48,100)
set,type(3,0)
set_type(l,0)
set_type(2,2)
g label("Skin Dose")
plot()

if prt$'Yy'
prr size(6,8,1)
prt_screen('prn',prtr,"prx.tbl",atx(O,2),aty(O,2),atx(1OO,2),aty(100,2))
eject
endif

inkey(O)

TEXTMODE()
RETURN
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* PROGRAMCRHPI.OTC.PRG

* A PROGRAMTO PLOT THE OUTPUTFROMCHEM
,

* USES FLIPPER GRAPHICSROUTINES

FLIP_INIT(6000)

clear
prt='N'
@5,1 say 'Send graph to printer? ' get prt
read

if prt$'Yy'
@1,1 say 'Highlight your printer and hit return...'
declare prnt[75]
afil I (prnt,"")
for i=l to 75
prnt[i]=prt load(i,'prx.tbl')

next i
prtr=achoice(3,30,20,50,prnt)
clear

endif

clear
mdl30:'N'
@7,1 say 'Do you have an IBM PS-2 Model 30 (Y/N)? ' get mdl30
read
if md130$'Yy'

set disply(3)
gm=graphmode ( 9)

endi f
min fh:font_open("rmn8 17.@")
max-lh=FONT OPEN("RMN8-21. @")

INITDATA(4)
SET TYPE(I,2)
set-type(2,2)
set type(3,2)

USE CRHOUTc.DBF
ZAP
APPENDFROMCRHPLOTC.DATDELl WITH BLANK
go top
DOWHILE .NOT. EOF()
if conc=O.O
conc=.O000001

endif
i f exp=O. 0
exp=.0000001

endif
if mean=O.O
mean=.O000001

endif
STOREDATA(X,conc,exp,mean)

SKIP
ENDDO

set ylog(1)
'Z-I



G LABEL("ToxicGas Analysis")
x-label("Time(hours)")
y-_label("Concentration(g/m^3)")

set_legend(I,"Concentration")
set legend(3,"MeanConc.")
set-style(3,3)
set_yskip(10)
set_xskip(3)

set In pat(O,6)
set-ln-pat(3,0)

set_ysid((0,1)
set_yside(2,!)
set_yskip(10)
set_ylog(I)
y label2("Exposure(g*sec/m^3)")
set style(2,2)
set-legend(2,"Exposure")
set_ln_pat(2,0)

SET G FONT(max_fh)
SET-S-FONT(min_fh)
set_l_font(min_fh)

set area(O,O,I00,I00)
PLOT()
say_legend(atx(61,2),aty(60,2),1,0)
set_yside(O,O)

if prt$'Yy'
prt_stat(I)
prt size(7,6,I)
prt-screen('prn',prtr,'prx.tbl',atx(O,2),aty(O,2),atx(100,2)'aty(100'2))
endi_

wait
textmode()
return
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NA 22
8.448000E-09 2,384000E-06

0.0 0.0 1,300000E 04 1.300000E 04 1.300000E 04 1.300000E 04
1 4 0 0 0 0 0

NA 24
1.273000E-05 1.429000E+00

0.0 0.0 1.278000E 03 1.278000E 03 1.278000E 03 1.280000E 03

2 4 0 0 0 0 0
GE 77

1.703000E-05 3.761000E+01

0.0 0.0 0.0 0.0 0.0 0.O000000000

3 3 0 0 0 0 0
SE 79

3.381000E-13 6.921000E-03
0.0 0.0 0.0 4.470000E 04 0.0 3.830000E 02

4 3 0 0 0 0 0

BR 82
5.456000E-06 6.905000E+01

0.0 0.0 0.0 0.0 0.0 0.0
5 1 0 0 0 0 0

KR 83M
1.035000E-04 4.152000E+03

5.020000E-06 1.148000E-02 0.0 5.201000E-01 0.0 0.0
6 2 0 0 0 0 0

BR 83
8.021000E-05 2.930000E+03

0.0 0.0 0.0 '0.0 0.0 0.0
7 i 0 0 0 0 0

BR 84
3.646000E-04 4.339000E+03

0.0 0.0 0.0 0.0 0.0 0.0
8 1 0 0 0 0 0

KR 85M
4.385000E-05 1.297000E+04

3.720000E-02 1.189000E-01 0.0 2.919000E 00 0.0 0.0
9 2 i0 0.211 0 0 0

KR 85

2.042000E-09 4.102000E+02
5.250000E-04 6.880999E-02 0.0 2.416000E 00 0.0 0°0

i0 2 0 0 0 0 0

BR 85

3.850000E-03 4.923000E+03
0.0 0.0 0.0 0.0 0.0 0,0

ii 1 0 0 0 0 0
RB 86

4.289000E-07 1.324000E+02
0.0 0.0 0.0 0.0 0.0 1.690000E 04

12 3 0 0 0 0 0
KR 87

1.519000E-04 2.335000E+04

Io870000E-01 5.961000E-01 0.0 1.537000E 01 0.0 0.0
13 2 0 0 0 0 0

KR 88

6.875000E-05 3.200000E+04
4.640000E-01 6.627000E-01 0.0 3.136000E 01 0.0 0.0

14 2 15 1.0 0 0 0
RB 88

6.468000E-04 1.200000E+04

0.0 0,0 0.0 0.0 0.0 4.840000E Ol
15 3 0 0 0 0 0

KR 89
3.630000E-03 3.979000E+04
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5.250000E-01 9.222200E-01 0.0 0.0 0.0 0.0
16 2 17 1.0 0 O 0

89

3.629000E-03 i.538000E+04

0.0 0.0 0.0 0.0 3.200000E 01
17 3 18 1.0 0 0 0

89

1.588000E-07 1.552000E+04

0.0 0.0 1.749000E 05 3.801000E 04 0.0
18 3 0 0 0 0 0

90

3.982000E-03 1.335000E+04

0.0 0.0 0.0 0.0 0.0000000000
19 3 0 0 0 0 0

90

8.020999E-I0 7.401000E+02

0.0 0.0 1.196000E 06 1.244000E 07 0.0
20 3 21 1.0 0 0 0

9O
2.993000E-06 7.887000E+02

0.0 0.0 2.120000E+04 2.612000E 02 0.0
21 3 0 -0 0 0 0

91
2.005001E-05 2.118000E+04

0.0 0.0 4.557000E 03 7.741000E O0 0.0
22 3 23 0.574 24 0.426 0

91M

2.292000E-04 1.230000E+04

0.0 0.0 2.402000E 02 3.264000E-02 0.0
23 3 24 1.0 0 0 0

91

1.383000E-07 2.121000E+04

0.0 0.0 2.130000E 05 5,781000E 04 0.0
24 3 0 0 0 0 0

92

7.292000E-05 2.508000E+04

0.0 0.0 2.061000E 03 8.431000E-01 0.0
25 3 26 1.0 0 0 0

92

5.346999E-05 2.535000E+04

0.0 0.0 1.961000E 03 1.292000E O0 0.0
26 3 0 0 0 0 0

93

1.444000E-03 3.017000E+04

0.0 0.0 0.0 0.0 0.0
27 3 0 0 0 0 0

93
I1.909000E-05 3.163000E+04

0.0 0o0 6_062000E 03 1.182006E 01 0.0
28 3 29 1.0 0 0 0

93

2.006000E-14 2.459000E-02

0.0 0.0 2.129000E 04 5.223000E 04 2.920000E 03
29 3 0 0 0 0 0

95

1.267000E-07 3.858000E+04

0.0 0.0 2.214000E 05 1.339000E 04 4.300000E 03
30 3 0 0 0 0 0

95

2.292000E-07 3.842000E+04

0.0 0.0 6.311000E 04 1.758000E 03 9.770000E 02
31 3 0 0 0 0 0
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97
1.129000E-05 4.197000E+04

0.0 0.0 9.839000E 03 1.214000E Ol 2.450000E O0
32 3 33 0.947 34 0.053 0

97M

1.155000E-02 3.987000E+04

0.0 0.0 0.0 0.0 0.0000000000
33 3 34 1.0 0 0 0

97
1.573000E-04 4.235000E+04

0.0 0.0 2.995000E 02 2.777000E-02 7.030000E-03
34 3 0 0 0 0 0

99

2.874000E-06 4_886000E+04

0.0 0.0 1.140G00E 04 0.0 1.510000E 03
35 3 35 0.886 0 0 0

99M

3.183000E-05 4.2'78000E+04

0.0 0.0 9.546001E 01 1.287000E-04 3.64000,0E-04
36 3 0 0 0 0 0

TC 99

1.042000E-13 2,534000E-01

0.0 0.0 1.011000E 05 3.132001E Ol 4.640000E 01
37 3 0 0 0 0 0
i01

8.250000E-04 5.188000E+04

0.0 0.0 4.985001E 01 5.215000E-06 7,520000E-06
38 3 0 0 0 0 0
103

2.025000E-07 5.381000E-_04

0.0 0.0 6.312000E 04 !.906000E 02 0.0
39 3 0 0 0 0 0
105

4.221000E-05 4.051000E+04

0.0 0.0 1.375000E 03 9.877002E-02 0.0
40 3 0 0 0 0 0
106

2.197000E-08 2.270000E+04

0.0 0.0 Io174000E 06 8.643000E 03 0.0
41 3 42 1.0 0 0 0
106

2.310000E-02 2.272000E+04

0.0 0.0 0.0 0.0 0.0000000000
42 3 0 0 0 0 0
107

3.139000E-15 3.975000E-03

0.0 0.0 9.472000E 03 0.0 8.270000E 01
43 3 0 0 0 0 0
109

1.925000E-04 I,.223000E+04

0.0 0.0 0.0 0.0 0.0000000000
44 3 0 0 0 0 0
109

1.407000E-05 1.277000E+04

0.0 0.0 1,852000E 03 0,0 4.630000E-01
45 3 0 0 0 0 0
iii

1.069000E-06 3,159000E+03

0.0 0.0 2,333000E 04 4.253000E 01 1.780000E 01
46 3 0 0 0 0 0
II5M

4.220000E-05 9.015000E+02
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0.0 l.ll4000E 01 0.0 5.888000E 01 0.0000000000

47 3 0 0 0 0 0
123

2.750000E-04 1.832000E+02
0.0 5.665000E 02 2.878000E 05 3.015000E 04 6.670000E 02

48 3 0 0 0 0 0
125

8.443000E-07 5.698000E+02
0.0 2.588000E 01 7.367000E 04 1.162000E 03 3.120000E 01

49 3 50 1.0 0 0 0

125

9o158001E-09 6.103000E+02
0.0 6.747000E 00 2.175000E 05 6.665000E 03 7.440000E 01

50 3 51 0.231 0 0 0
125M

1.383000E-07 1.253000E+02
0.0 1.313000E 02 3.919000E 04 4.268000E 02 1.980000E 02

51 3 0 0 0 0 0

SB 126
6.416000E-07 9.707000E+01

0.0 0.0 2.746000E 00 9.569000E 04 4.497000E 02 9.130000E 00
52 3 0 0 0 0 0

SB 127
2.069000E-06 4.527000E+03

0.0 0.0 3.968000E-01 2.048000E 04 3.299001E 01 7.220000E-01
53 3 54 0.169 55 0.831 0

TE 127M
7.637999E-08 6.114000E+02
0.0 0.0 4.110000E 02 1.200000E 05 1.575000E 03 7.210000E 02

54 3 55 0.982 0 0 0
TE 127

2.055999E-05 4.501000E+03
0.0 0.0 1.325000E-01 8.137000E 02 1.754000E-01 8.030000E-02

55 3 0 0 0 0 0

129
1.294000E-15 0.0000000000

3.020000E-03 2.435000E-02 5.542000E 06 0.0 2.476000E 03 2.110000E 03
56 1 0 0 0 0 0

TE 129M
2.359000E-07 1.668000E+03

0.0 0.0 4.297000E 02 1.448000E 05 1.219000E 03 5.840000E 02
57 3 58 0.629 0 0 0

TE 129
1.573000E-04 I.IIIO00E+04

0.0 0.0 4.872002E-03 2.418000E 02 6.219000E-03 2.990000E-03
58 3 0 0 0 0 0

131
9.963996E-07 2.508000E+04
8.719999E-02 1.655000E-01 1.485000E 06 0.0 3.149000E 03 4.470000E 03

59 1 60 0.011 0 0 0
XE 131M

6.680000E-07 2.595000E+02

2.920000E-03 3.995000E-02 0.0 1.400000E+00 0.0 0.0
60 2 0 0 0 0 0

TE 131

4.620000E-04 2.741000E+O4
0.0 0.0 1.170000E-03 1.740000E+02 1.390000E-03 7.440000E-04

61 3 59 1.0 0 0 0
TE i31M

6.416000E-06 4.800000E+03
0.0 0.0 6.879000E 00 1.823000E 04 8.743000E 00 5.450000E 00

62 3 61 0.222 59 0.778 0
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132
8.269001E-05 3.806000E+04

5.137000E-01 7.927000E-01 5.353000E 04 0.0 1.447000E 02 4.070000E 02
63 1 0 U 0 0 0
132

2.506000E-06 4.115000E+04

O.0 2.366000E Ol 3.598000E 04 3.253000E Ol 2.690000E 0]
64 3 63 1.0 0 0 0
133

9.219000E-06 5. 622000E+04

1.551000E-01 3.120000E-01 3.970000E 05 0.0 I.O77000E 03 1.850000E 03
65 1 66 0.029 67 0.971 0

133M
3.490000E-06 1.384000E+03

8.000000E-03 5.391000E-02 0.0 1.890000E+00 0.O 0.0
66 2 67 1.0 0 0 0
133

1.522000E-06 5.622000E+04

9.330000E-03 5.454000E-02 0.0 1.573000E OO 0.0 0.0
67 2 0 0 0 0 0

133M
2.310000E-04 1.789000E+04

O.0 6.269000E-03 5.506001E 02 7.243998E-03 5.400000E-03
68 3 0 0 0 0 O
124

2.27_G20E-04 6.575000E+04

5.31. )00E-OI 8.593000E-01 2.537000E 04 0.0 8.O47000E Ol 2.160000E 02
69 1 0 0 0 0 0
134

2.750000E-04 3.999000E+04

O.0 3.437000E-03 4.377000E 02 3.843000E-03 3.220000E-03
70 3 69 1.0 0 0 O
134

9.551002E-09 1.019000E+03

0.0 0.0 1.216000E 04 4.662000E 04 1.060000E 05
71 3 0 0 0 0 0
135

2.864000E-05 5.103000E+04

4.217000E-01 5.803000E-01 1.235000E 05 0.0 3.353999E 02 8.730000E 02
72 1 73 0.165 74 0.835 0

135M
7.400000E-04 1.557000E+04

9.920000E-02 1.484000E-01 0.0 2.231000E 00 0.0 0.0
73 2 74 1.0 0 0 0
135

2.091999E-05 5.363000E+04

5.720000E-02 i.620000E-01 0.0 4.061000E O0 0.O 0.0
74 2 0 0 0 0 0
135

7.293001E-15 2.909000E-02

O.0 0.0 1.566000E 03 1.459000E 04 1.290000E 04
75 3 0 0 0 0 0
136

8.349001E-03 0.0000000000

6.786000E-O1 1.300000E+00 0.0 0.O 0.0 0.0000000000
76 1 0 0 0 0 0
136

6.160000E-07 1.667000E+03

0.0 0.0 1.500000E 03 4.879000E 03 1.830000E 04
77 3 0 0 0 0 0
137

2.961000E-03 5.103000E+04
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4,5_0000E-02 5.676000E-01 0.0 1.748000E 01 0.0 0.0
76 2 79 1.0 0 0 0

CS 137
7,:!92000E-I0 1.907000E+03

0,9 0.0 0.0 9._,00000E 03 5.977000E 04 7.760000E 04
'79 3 80 O. 946 0 0 0

BA 137M

4.528999E-'03 1.811000E+03

")•C O. 0 O. 0 O. 0 O. 0 O. 0000000000
c.10 3 0 0 0 0 0

×E 138
3,796091E-04 4.775000E+04
E,:3L0[.,',0E-0i 4,249000E-01 0.0 2.445000E 01 0.0 0.0

i:_l 2 82 i. 0 0 0 0

CS i38
3, 58700!E-04 4.878000E+04

<_.O 0,0 0.0 6.066000E 00 4.137000E 01 7,760000E 01
82 3 0 0 0 0 0

Cf 139
I,_16000E-03 4.478000E+04
O.0 0.0 0.0 2.83700OE 00 2.557001E 01 3.630000E 01

_:3 3 0 0 0 0 0
BA i39

!.393000E-04 4.604000E+04
0.0 0.0 0.0 4.697000E 02 1.167000E-01 8.320000E-05

84 3 0 0 0 0 0
BA i40

S,2,66000E-07 4.274000E+04
0.0 0.0 0.0 1.587000E 05 4.884000E 03 6.130000E 00

85 3 86 1.0 0 0 0
£_,. ]40

4.774000E-06 4.342000E+04

0,0 0.0 0.0 1.701000E 04 4.300999E 01 2.170000E 01
86 3 0 0 0 0 0

BA !4]
6. 416000E-04 4. 345000E+04
0.0 0.0 0.0 2.419000E 02 1.247000E-02 9,410000E-06

87 3 88 1.0 0 0 0
LA 141

4,935999E-05 4,371000E+04

0.0 0.0 0.0 1.345000E 03 5.342000E-01 1.660000E-01

88 3 89 1.0 0 0 0
CE 141

2.506000E-07 4.387000E+04

0.0 0.0 0 0 4.517000E 04 2.494000E 03 1.690000E 03
89 3 0 0 0 0 0

BA 142
I. 050000E-03 3.762000E+04
0.0 0.0 0.0 1.487000E 02 3.294000E-03 3.380000E-06

90 3 91 i. 0 0 0 0

LA 142
1.255000E-04 3.883000E+04
0'0 0.0 0.0 7.907000E 02 8.535999E-02 3.880000E-02

91 3 0 0 0 0 0
CE 143

6.030000E-06 3.552000E+04

0.0 0.0 0.0 9.972000E 03 2.:;34000E 01 1,720000E 01

92 3 93 1.0 0 0 0
PR 143

5.854000E-07 3.467000E+04
0,0 0.0 0.0 3.506000E 04 1.168000E 03 4.690000E 02

93 3 0 0 0 0 0
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CE144
2.766000E-08 2.294000E+04
0.0 0.0 0.0 9.716000E 05 4.286000E 05 1.790000E 05

94 3 95 0.986 0 0 0

PR 144
6.676000E-04 2.302000E+04
0.0 0.0 0.0 1.272000E 02 3.763000E-03 1.560000E-03

95 3 0 0 0 0 0
ND 147

7.098000E-07 1.733000E+04
0.0 0.0 0.0 2.759000E 04 6.592000E 02 7.6200OOE 02

96 3 97 1.0 0 0 0
PM 147

8.718001E-09 4.881000E+03

0.0 0.0 0.0 6.602000E 04 8.368000E 04 7.870000E 03
97 3 0 0 0 0 0

ND 149
9,664999E-05 1.121000E+04

0.0 0.0 0.0 0.0 3.676001E 02 0.0000000000
98 3 0 0 0 0 0

PM 149
3.625000E-06 1.122000E+04
0.0 0.0 0.0 7.206000E 03 3.439000E 01 4.870000E 00

99 3 0 0 0 0 0
PM 151

6.875000E-06 6.828000E+03
0.0 0.0 0.0 3.939000E 03 8.496000E 00 1.4200GOE 00

I00 3 0 0 0 0 0

SM 151
2.168000E-I0 7.226000E+01

0.0 0.0 0.0 4.454000E 04 8.589000E 04 1.480000E 04
i01 3 0 0 0 0 0

EU 155
1.292000E-08 2.973000E+02

0.0 0.0 0.0 9.463000E 04 1.005000E 05 1.430000E 04
102 3 0 0 0 0 0

EU 156

5.347000E-07 1.575000E+03
0.0 0.0 0.0 8.556000E 04 1.927000E 03 1.480000E 03

103 3 0 0 0 0 0
GD 159

1.069000E-05 3.083000E+02
0.0 0.0 0.0 0.0 6.478000E 02 0.0000000000

104 3 0 0 0 0 0
U 235

3.095999E-17 9.169000E-05

0.0 0.0 0.0 4.896000E 07 1.001000E 07 0.0
105 3 0 0 0 0 0

U 237

1.188000E-06 3.456000E+03

0.0 0.0 0.0 1.020000E 04 3.673000E 01 0.0
106 3 107 1.0 0 0 0

NP 237
1.027000E-14 2.150000E-O3

0.0 0.0 0.0 5.215000E 07 1.693000E 09 1.470000E 08
107 3 0 0 0 0 0

PU 238

2.431000E-I0 2.775000E+01

0.0 0.0 0.0 1.825000E 08 2.737000E 09 3.870000E 08
108 5 0 0 0 0 0

NP 238

3.819000E-06 7.741000E+02
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0.0 0.0 0.0 1.016000E 04 2.962000E 02 8 0000001< OO

109 3 108 1.0 0 0 0
PU 239

9.012000E-]3 1.227000E+02

0.0 0.0 0.0 1.716000E 08 3.188000E 09 4 310000E 08
ii0 5 105 1.0 0 0 0

U 239
4.916000E-04 8,928000E+05

0.0 0.0 0.0 0.0 0.0 0 0
iii 3 112 1.0 0 0 0

NP 239
3. 442000E-06 8.293000E+05
0.0 0.0 0.0 4.702000E 03 2. 866000E 01 2 $20000E O0

i12 3 ii0 1.0 0 0 0
PU 240

3. 342000E-12 7.235000E+01

0.0 0.0 0.0 1.716000E 08 3.183000E 09 4 300000E 08
113 5 0 0 0 0 0

PU 241

1.671000E-09 3.779000E+03
0.0 0.0 0.0 1.517000E 05 6.407000E 07 3 280000E 06

114 5 115 1.0 0 0 0
AM 241

4.803000E-II 1.571000E+01
0.0 0,0 0.0 6.062000E 07 I.OI3000E 09 3 590000E 08

115 3 107 i. 0 0 0 0
PU 242

5.812001E-14 2. II0000E-02
0.0 0.0 0.0 1.651000E 08 2.954000E 09 4 150000E 08

116 5 0 0 0 0 0
CM 242

4.936000E-08 9.018000E+02
0.0 0.0 0.0 3.923000E 07 1.483000E 07 1 510000E 07

117 3 108 I. 0 0 0 0

AM 242M
1,432000E-I0 1.457000E+00

0.0 0.0 0.0 2.443000E 07 1.019000E 09 3 460000E 08
118 3 0 0 0 0 0

CM 243

6.855001E-I0 3.528000E-01
0.0 0.0 0.0 6.312000E 07 7,856000E 08 2 970000E 08

119 3 Ii0 0.998 0 0 0

AM 243
2.766000E-12 5. 306000E-02

0.0 0.0 0.0 5.747000E 07 1.013000E 09 3 470000E 08
120 3 112 i. 0 0 0 0

CM 244

1.248000E-09 1.497000E+00
0.0 0.0 0.0 6.062000E 07 5.904000E 08 2 540000E 08

121 _ 113 1.0 0 0 0

AM 244
4.431000E-04 3. 186000E+00

0.0 0.0 0.0 0.0 2.985000E 03 0 0000000000
122 3 121 1.0 0 0 0
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APPEND!XG

NUCLZDEFILE ]CRP.30



NA 22
8,448000E-092.384000E-06
0.0 0.0 1.300000E04 1.300000E04 1.300000E04 1.300000E04

I 4 0 0 0 0 0
NA 24
1.273000E-051.429000E+00
0.0 0.0 1.278000E 03 1.278000E 03 1.278000E 03 1.280000E 03

2 4 0 0 0 0 0
GE 77
1.703000E-053.761000E+01
0.0 0.0 0.0 0.0 0.0 0.0000000000

3 3 0 0 0 0 0
SE 79
3.381000E-136.921000E-03
0,0 0.0 0.0 4.470000E04 0.0 3.830000E02

4 3 0 0 0 0 0
BR 82
5,456000E-066.905000E+01
0,0 0.0 0.0 0.0 0.0 0.0

5 I 0 0 0 0 0
KR 83M
1.035000E-044.152000E+03
1.270000E-05O.O00000E+O00.O00000E+O05.201000E-010.O00000E+O00.0

6 2 0 0 0 0 0
BR 83
8,021000E-052.930000E+03
0.0 0.0 0.0 0.0 0.0 0.0

7 1 0 0 0 0 0
BR 84
3.646000E-04 4.339000E+03
0.0 0.0 0.0 0.0 0.0 0.0

8 1 0 0 0 0 0
KR 85M
4,385000E-051.297000E+04
2.310000E-024.970000E-02O,O00000E+O02.919000EO00.O00000E+O00.0

9 2 10 0.211 0 0 0
KR 85
2,042000E-094.102000E+02
3.310000E-044.840000E_02O.O00000E+O02.416000EO00.O00000E+O00.0

10 2 0 0 0 0 0
BR 85
3,850000E-034.923000E+03
0.0 0.0 0.0 0.0 0.0 0.0

11 1 0 0 0 0 0
RB 86
4.289000E-07 1.324000E+02
0.0 0.0 0.0 0.0 0.0 1.690000E 04

12 3 0 0 0 0 0
KR 87
1.519000E-04 2.335000E+04
1o330000E-013,360000E-01 O.O00000E+O01.537000E 010.O00000E+O0 0.0

13 2 0 0 0 0 0
KR 88
6.875000E-053.200000E+04
3.380000E-017.760000E-02O.O00000E+O03.136000E010.O00000E+O00.0

14 2 15 1.0 0 0 0
RB 88
6,468000E-041.200000E+04
0,0 0.0 0.0 0.0 0.0 4,840000E01

15 3 0 0 0 0 0
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89
3,630000E-03 3,979000E+04
3.030000E-01 3.470000E-010.O00000E+O00.O00000E+O0 0 O00000E+O0 0 0

16 2 17 1.0 0 0 0
89

3.629000E-03 1.538000E+04
0._ 0.0 0.0 0 0 3 200000E 01

17 3 18 1.0 0 0 0
89

1.588000E-07 1.552000E+04
0.0 0.0 1.749000E 05 3 801000E 04 0 0

18 3 0 0 0 0 0
90

3,982000E-03 1,335000E+04
0.0 0.0 0.0 0 0 0 0000000000

19 3 0 0 0 0 0
90

8.020999E-I0 7.401000E+02
0.0 0.0 1.196000E 06 I 244000E 07 0 0

20 3 21 1.0 0 0 0
90

2.993000E-06 7.887000E+02
0.0 0.0 2.120000E+04 2 612000E 02 0 0

21 3 0 0 0 0 0
91

2.005001E-05 2.118000E+04
0.0 0.0 4.557000E 03 7 741000E O0 0 0

22 3 23 0.574 24 0.426 0
91M

2.292000E-04 1.230000E+04
0.0 0.0 2.402000E 02 3 264000E-02 0 0

23 3 24 1.0 0 0 0
91

1,383000E-07 2.121000E+04
0,0 0.0 2.130000E 05 5 781000E 04 0 0

24 3 0 0 0 0 0
92

7.292000E-05 2.508000E+04
0.0 0.0 2.061000E 03 8 431000E-01 0 0

25 3 26 1.0 0 0 0
92

5,346999E-05 2.535000E+04
0.0 0.0 1.961000E 03 I 292000E O0 0 0

26 3 0 0 0 0 0
93

1,444000E-03 3.017000E+04
0.0 0.0 0.0 0.0 0 0 0 0

27 3 0 0 0 0 0
93

1.909000E-05 3,163000E+04
0.0 0,0 0.0 6.062000E 03 I 182000E 01 0 0

28 3 29 1.0 0 0 0
93

2.006000E-14 2,459000E-02
0.0 0.0 0.0 2.129000E 04 5 223000E 04 2 920000E 03

29 3 0 0 0 0 0
95

1.267000E.-073.858000E+04
0.0 0,0 0.0 2,214000E 05 I 339000E 04 4 300000E 03

30 3 0 0 0 0 0
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NB 95
2,292000E-073.842000E+04
0,0 0.0 0.0 6.311000E04 I 758000E03 9 77uOOOE02

31 3 0 0 0 0 0
ZR 97
1,129000E-054.197000E+04
0,0 0,0 0,0 9.839000E03 I 214000E01 2 450000EO0

32 3 33 0.947 34 0.053 0
NB 97M
1,155000E-023.987000E+04
0,0 0.0 0.0 0.0 0 0 0 0000000000

33 3 34 I.0 0 0 0
NB 97
1,573000E-044.235000E+04
0,0 0.0 0.0 2.995000E02 2 777000E-027 030000E-03

34 3 0 0 0 0 0
MO 99
2,874000E-064.886000E+04
0,0 0.0 0.0 1.140000E04 0 0 I 510000E03

35 3 36 0.886 0 0 0
TC 99M
3,183000E-054.278000E+04
0,0 0.0 0,0 9.546001E01 1 287000E-04_ 640000E-04

36 3 0 0 0 0 0
TC 99
1,042000E-132.534000E-01
0,0 0.0 0,0 1.011000E05 3.132001E01 4 640000E01

37 3 0 0 0 0 0
TC 101
8,250000E-045.188000E+04
0,0 0.0 0.0 4.985001E01 5.215000E-067 520000E-06

38 3 0 0 0 0 0
RU 103
2,025000E-075.381000E+04
0,0 0.0 0.0 6.312000E04 1.906000E02 0 0

39 3 0 0 0 0 0
RU 105
4,221000E-054.051000E+04
0,0 0.0 0.0 1.375000E03 9.877002E-020 0

40 3 0 0 0 0 0
RU 106
2,197000E-082.270000E+04
0,0 0.0 0.0 1.174000E06 8.643000E03 0 0

41 3 42 I.0 0 0 0
RH 106
2,310000F.-022.272000E+04
0,0 0.0 0.0 0.0 0.0 0 0000000000

42 3 0 0 0 0 0
PD 107
3,139000E-153.975000E-03
0.0 0.0 0.0 9.472000E03 0.0 8 270000E01

43 3 0 0 0 0 0
RH 109
1,925000E-041.223000E+04
0,0 0.0 0.0 0,0 0.0 0 0000000000

44 3 0 0 0 0 0
PD 109
1,407000E-051.277000E+04
0,0 0.0 0.0 1.852000E03 0.0 4 630000E-01

45 3 0 0 0 0 0



AG iii
1,069000E-063,159000E+03
0,0 0,0 0,0 2,333000E04 4,253000E01 1,780000E01
46 3 0 0 0 0 0

IN 115M
4,220000E-059,015000E+02
0.0 0,0 ],114000E01 0.0 5,888000E01 0,0000000000

47 3 0 0 0 0 0
SN 123
2.750000E-041,832000E+02
0,0 0,0 5,665000E02 2.878000E05 3,015000E04 6,670000E02

48 3 0 0 0 0 0
SN 125
8.443000E-075,698000E+02
0.0 0,0 2,588000E01 7.367000E04 1,162000E03 3,120000E01

49 3 50 1,0 0 0 0
SB 125
9,158001E-096,103000E+02
0.0 0,0 6.747000EO0 2,175000E05 6,665000E03 7,440000E01

50 3 51 0,231 0 0 0
TE 125M
1.383000E-071,253000E+02
0,0 0.0 1.313000E02 3.919000E04 4,26BOOOE02 1.980000E02

51 3 0 0 0 0 0
SB 126
6,416000E-079,707000E+01
0,0 0,0 2.746000EO0 9.569000E04 4.497000E02 9.130000EO0

52 3 0 0 0 0 0
SB 127
2.069000E-064,527000E+03
0.0 0.0 3,968000E-012.048000E04 3,299001E01 7.220000E-01

53 3 55 0.831 54 0.1690
TE 127M
7.637999E-086.114000E+02
0.0 0,0 4.110000E02 1.200000E05 1.575000E03 7,210000E02

54 3 55 0.9820 0 0
TE 127
2.055999E-054.501000E+03
0.0 0,0 1,325000E-018.137000E02 1.754000E'018.030000E-02

55 3 0 0 0 0 0
I 129
1.294000E-150.0000000000
3.020000E-032.435000E-025.542000E06 0.0 2,476000E03 2.110000E03

56 I 0 0 0 0 0
TE 129M
2,359000E-071.668000E+03
0.0 0.0 4.297000E02 1.448000E05 1.219000E03 5.840000E02

57 3 58 0.629 0 0 0
TE 129
1.573000E-041.111000E+04
0.0 0,0 4,872002E-032.418000E02 6,219000E-032.990000E-03

58 3 0 0 0 0 0
I 131
9.963996E-072,508000E+04
5.590000E-023,070000E-021,100000E06 O,O00000E+O03,149000E03 4.470000E03

59 1 60 0.011 0 0 0
XE 131M
6.680000E-07 2.595000E+02
1,250000E-031,330000E-02O.O00000E+O01.400000E+00O.O00000E+O00,0

60 2 0 0 0 0 0
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TE 131
4,620000E-042,741000E+04
0,0 0,0 1,170000E-031,740000E+021,390000E-037,440000E-04

61 3 59 1,0 0 0 0
TE 131M
6.416000E-06 4,800000E+03
0,0 0,0 6 879000E O0 1,823000E 04 8.743000E O0 5,450000E O0

62 3 59 0,77861 0,222 0
I 132
8,269001E-053,806000E+04
3,550000E-011,100000E-016 300000E+03O,O00000E+O01,447000E+024,070000E02

63 I 0 0 0 0 0
TE 132
2,506000E-064,115000E+04
0,0 0,0 2 366000E01 3,598000E04 3,253000E01 2,690000E01

64 3 63 1,0 0 0 0
I 133
9,219000E-065,622000E+04
9,110000E-028,900000E-021 800000E+050 O00000E+O01,077000E+031,850000E03

65 I 67 0,971 66 0,029 0
XE 133M
3,490000E-.061.384000E+03
4,290000E-032,960000E-020 O00000E+O01 890000E+00O,O00000E+O00.0

66 2 67 1,0 0 0 0
XE 133
1,522000E-065,622000E+04
4,960000E-039.670000E-030 O00000E+O0I 573000E+00O,O00000E+O00,0

67 2 0 0 0 0 0
TE 133M
2.310000E-041,789000E+04
0,0 0,0 6 269000E-035 506001E02 7,243998E-035.400000E-03

68 3 0 0 0 0 0
I 134
2.228000E-046,575000E+04
4,110000E-011,420000E-01I IO0000E03 0 O00000E+O08,047000E+012.160000E02

69 I 0 0 0 0 0
TE 134
2.750000E-043,999000E+04
0,0 0,0 3,437000E-034 377000E02 3,843000E-033,220000E-03

70 3 69 1,0 0 0 0
CS 134
9,551002E-091.019000E+03
0.0 0.0 0,0 I 216000E04 4.662000E04 1,060000E05

71 3 0 0 0 0 0
I 135
2,864000E-055,103000E+04
2.490000E-017,860000E-023,100000E+040 O00000E+O03,353999E+028,730000E02

72 I 74 0.835 73 0,165 0
XE 135M
7.400000E-041,557000E+04
6.370000E-022,140000E-02O.O00000E+O02,231000EO00,O00000E+O00,0

73 2 74 1.0 0 0 0
XE 135
2,091999E-055.363000E+04
3.590000E-026.320000E-02O,O00000E+O04.061000EO00,O00000E+O00,0

74 2 0 0 0 0 0
CS 135
7,293001E-152,909000E-02
0.0 0.0 0,0 1.566000E03 1,459000E04 1.290000E04

75 3 0 0 0 0 0
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I 136
B.34gOOIE-030.0000000000
6,786000E-011,300000E+000.0 0.0 0,0 0.0000000000

76 I 0 0 0 0 0
CS 136
6,160000E-071,667000E+03
0,0 0.0 0,0 1.500000E03 4,879000E03 1.830000E04

77 3 0 0 0 0 0
XE 137
2,961000E-035.103000E+04
2,830000E-024,590000E-010,O00000E+O01 748000E010,O00000E+O00.0

78 2 79 1.0 0 0 0
CS 137
7.292000E-101,907000E+03
0,0 0,0 0.0 9 400000E03 5o977000E04 7.760000E04

79 3 80 0,946 0 0 0
BA 137M
4.528999E-031,811000E+03
0.0 0.0 0.0 0 0 0,0 0.0000000000

80 3 0 0 0 0 0
XE 138
6,796001E-044,775000E+04
I,B70000E-011,470000E-010.O00000E+O02 445000E01 O,O00000E+O00.0

81 2 82 1,0 0 0 0
CS 138
3,587001E-044.878000E+04
0.0 0,0 0.0 6 066000EO0 4 137000E01 7,760000E01

82 3 0 0 0 0 0
CS 139
1.216000E-034.478000E+04
0.0 0.0 0.0 2 837000EO0 2 557001E01 3.630000E01

83 3 0 0 0 0 0
BA 139
1.393000E-044.604000E+04
0.0 0.0 0.0 4.697000E02 1 167000E-018.320000E-05

84 3 0 0 0 0 0
BA 140
6,266000E-.074,274000E+04
0,0 0,0 0,0 1,587000EOS 4 884000E03 6.130000EO0

B5 3 B6 1.0 0 0 0
LA 140
4,774000E-064.342000E+04
0.0 0.0 0.0 1.701000E04 4 30099gE01 2.170000E01

86 3 0 0 0 0 0
BA 141
6,416000E-044,345000E+04
0,0 0,0 0.0 2,419000E02 I 247000E-029.410000E-06

87 3 88 1.0 0 0 0
LA 141
4.935999E-054,371000E+04
0.0 0,0 0,0 1.345000E03 5 342000E-011.660000E-01

B8 3 89 1.0 0 0 0
CE 141
2,506000E-074.387000E+04
0,0 0,0 0.0 4,517000E04 2 494000E03 1.6gOOOOE03

89 3 0 0 0 0 0
BA 142
1,050000E-033,762000E+04
0,0 0,0 0,0 1,487000E02 3 294000E-033.380000E-06

90 3 91 1.0 0 0 0
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LA 142
1,255000E-043,883000E+04
0.0 0.0 0 0 7.907000E02 8.535999E-023,880000E-02

91 3 0 0 0 0 0
CE 143
6,030000E-063.552000E+04
0.0 0,0 0 0 9,972000E03 2 334000E01 I 720000E01

92 3 93 1.0 0 0 0
PR 143
5,854000E-073,467000E+04
0,0 0,0 0 0 3.506000E04 1,168000E03 4 690000E02

93 3 0 0 0 0 0
CE 144
2,766000E-082.294000E+04
0,0 0.0 0 0 9.716000E05 4,286000E05 I 790000E05

94 3 95 0.986 0 0 0
PR 144
6o676000E-042,302000E+04
0,0 0,0 0 0 1.272000E02 3.763000E-031 560000E-03

95 3 0 0 0 0 0
ND 147
7.098000E-07 1.733000E+04
0,0 0.0 0 0 2 759000E 04 6.592000E 02 7 620000E 02

96 3 97 1.0 0 0 0
PM 147
8.718001E-094.881000E+03
0,0 0,0 0 0 6 602000E04 8,368000E04 7 870000E03

97 3 0 0 0 0 0
ND 149
9,6649f_E-051.121000E+04
0,0 0.0 0 0 0 0 3 676001E02 0 0000000000

98 3 0 0 0 0 0
PM 149
3.625000E-061.122000E+04
0.0 0.0 0 0 7 206000E03 3 439000E01 4 870000EO0

99 3 0 0 0 0 0
PM 151
6.875000E-066.828000E+03
0.0 0.0 0 0 3 939000E03 8 496000EO0 1 420000EO0
100 3 0 0 0 0 0

SM 151
2,168000E-107.226000E+01
0,0 0.0 0 0 4 454000E04 8 589000E04 I 480000E04
I01 3 0 0 0 0 0

EU 155
1.292000E-082.973000E+02
0,0 0,0 0 0 9 463000E04 1 O05000E05 I 430000E04
102 3 0 0 0 0 0

EU 156
5.347000E-071.575000E+03
0.0 0.0 0 0 8 556000E04 I 927000E03 I 480000E03
103 3 0 0 0 0 0

GD 159
1.069000E-053.083000E+02
0o0 0.0 0 0 0 0 6 478000E02 0 0000000000
104 3 0 0 0 0 0

U 235
3.095999E-179.169000E-05
0,0 0.0 0 0 4 896000E07 I O01000E07 0 0
105 3 0 0 0 0 0
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U 237
1.1,88000E-063.456000E+03
0.0 0.0 0.0 1.020000E04 3.673000EOl 0.0

106 3 107 1.0 0 0 0
NP 237
1.027000E;142.15,0000E-03
0.0 0.0 0.0 5.215000E07 ).693000E09 1.470000E,08
107 3 0 O 0 0 0

PU 238
2.431000E-I02.775000E+01
0.0 0.0 0.0 1.825000E08 2.737000E09 3.870000E08
108 5 0 0 0 0 0

NP 238
3.,819000E-067.741000E+02
0.0 0,0 0.0 1.016000E04 2.962000E02 8.000000EO0
109 3 108 1.0 0 0 0

PU239
9.012000E-131.227000E+02
0,0 0,0 0.0 1.716000E08 3.188000E09 4.310000E08
110 5 105 1.0 0 0 0

U 239
4.916000E-048.928000E+05
0.0 0.0 0.0 0.0 0.0 0.0
111 3 112 1.0 0 0 0

NP 239
3.44ZOOOE-068.293000E+05
0.0 0.0 0.0 4.702000E03 2.866000EOl 2.820000EO0
112 3 IlO 1,0 0 0 0

PU 240
3.342000E-127.235000E+01
0.0 0.0 0.0 1.716000E08 3.183000E09 4.300000E08
113 5 0 0 0 0 0

PU 241
1.671000E-093.779000E+03
0.0 0.0 0.0 I.FI7000E05 6.407000E07 3.280000E06
114 5 115 1.0 0 0 0

AM 241
4.803000E-111.571000E+01
0.0 0.0 0.0 6,062000E07 1.013000E09 3.590000E08

115 3 107 I.C 0 0 0
PU 242
5.812001E-142.110000E-,02
0.0 0.0 0.0 1.651000E08 2.954000E09 4.150000E08
]16 5 0 0 0 0 0

CM 242
4.936000E-089.018000E+02
0.0 0.0 0.0 3.923000E07 1.483000E07 1.510000E07
117 3 108 1.0 0 0 0

AM 242M
1.432000E-I01.457000E+00
0.0 0.0 0.0 2.443000E07 I.OI9000E09 3.460000E08

118 3 0 0 0 0 0
CM 243
6,855001E-I03.528000E-01
0.0 0.0 0.0 6.312000E07 7.856000E08 2.970000E08

119 3 110 1.0 0 0 0
AM 243
2.766000E-125.306000E-02
0.0 0.0 0.0 5.747000E07 I.OI3000E09 3,470000E08

- 120 3 112 l.O 0 0 0
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CM 244
1.248000E-091.497000E+00
0.0 0.0 0.0 C.062000E07 5.gO4000E08 2.540000E08
121 3 113 1.0 0 0 0

AM 244
4.431000E-043.186000E+00
0.0 0.0 0.0 0.0 2.985000E03 0.0000000000
122 3 121 1.0 0 0 0
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APPENDIX H

DATABASE FILE STRUCTURES



Structure for database: A:timeind.dbf
Number of data records: 1

Date of last update : 03/07/90

Field Field Name Type Width Dec
1 POWER Numeric 9 2

2 HELE Numeric 7 4
3 HORG Numeric 7 4

4 HPART Numerlc 7 4

5 NELE Numeric 7 4

6 NORG Numeric 6 4
7 NPART Numerlc 7 4

8 NAELE Numerlc 7 4

9 NAORG Numeric 7 4
i0 NAPART Numerlc 7 4

ii SELE Numerlc 7 4
12 SORG Numerlc 7 4

13 SPART Numerlc 7 4
14 PELE Numeric 7 4

15 PORG Numerlc 7 4

16 PPART Numerlc 7 4
** Total ** 114
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Structure for database: A:crmet.dbf

Number of data records: 0

Date of last update : 03/06/90

Field Field Name Type Width Dec
1 BLDGAREA Numeric 9 2
2 BLDGHT Numeric 7 2

3 RELHT Numeric 7 2

4 EFFVERTVEL Numer] c 7 2

5 EFFFLOW Numeric 7 2
6 HORIZDIST Numerlc 7 2

7 RECEPTHT Numerlc 7 2

8 WINDSPEED Numerlc 7 2
9 VERTCLASS Numerlc 1

i0 HORIZCLASS Numerlc 1

ii TSTEPBEG Numerlc 7 2

12 TSTEPEND Numerlc 7 2
13 FLOWINI Numerlc ii 4

14 FLOWIN2 Numer]c ii 4
15 FLOWIN3 Numeric ii 4

16 FILTIELE Numeric 7 4

17 FILT2ELE Numeric 7 4

18 FILT3ELE Numeric 7 4
19 FILTFI,OWI Numeric ii 4

20 FILTFLOW2 Numerlc II 4

21 FILTFLOW3 Numeric ii 4
22 ST1 Numerlc 7 4

23 ST2 Numerlc 7 4

24 ST3 Numer._c 7 4

25 STFILTI Numerlc 7 4
26 STFILT2 Numei_ lc 7 4

27 STFILT3 Numeric 7 4

28 CRVO LUME Numer ic 9 2
29 FILTIORG Numeric 7 4

30 F ILT 1PART Nume r ic 7 4

31 FILT2ORG Numeric 7 4
32 FILT2PART Numeric 7 4

33 FILT3ORG Numeric 7 4

34 FILT3PART Numerlc 7 4
35 OCCFAC Numeric 7 4

Total ** 262



APPENDIXI

SAHPLEOUTPUT_FROHCONHAB



CONHAB
ControlRoom HabitabilityProgram

INPUTDATA FILES FOR THIS CASE:

Meteorologyand system flow data file: EXAMPLE.DAT
Nucleardata file: ICRP.02
Unfilteredsource file #I: CRHFPFPI.0UT
Unfilteredsource file #2: CRHFPFP2.0UT
Sourceto filtered intake#I: CRHTACTI.DAT
Sourceto filtered intake#2 (recirc):CRHTACT2.DAT

TIME INDEPENDENTDATA:

ReactorPower Level (MWt): 2700.00000000
FORM FRACTIONS

ISOTOPICGROUP ELEMENTAL ORGANIC PARTICULATES
HALOGENS 0.9200 0.0500 0.0400
NOBLES 1.0000 0.0000 0.0000
SODIUMS 1.0000 0.0000 0.0000
SOLIDS 1.0000 0.0000 0.0000
PLUTONIUMS 1.0000 0.0000 0.0000



TIME STEP START: O.O0000000E-01
TIME STEP END: 0.13333334

Buildingcross sectionalarea (m^2): 6000.00000000
Buildingheight (m): 20.00000000
Releaseheight (m): 25.00000000
Effluentverticalvelocity (m/s): 3.00000000
Effluent flow rate (mA3/s): 1.00000000
Horizontal distance to receptor (m): 100.00000000
Air intake height (m): 21.00000000
Windspeed (m/s): 1.00000000
Vertical dispersion class: 3
Horizontal dispersion class" 3

Flow in from unfiltered source I (m^3/s): O.O0000000E-01
Flow in from unfiltered source 2 (mA3/s): O.O0000000E-OI
Filtered intake flow source I (m^3/s): O.O0000000E-01
Filter efficiency #I (ele,org,part frac): 0.9900 0.9000 0.9900
Recirculation flow rate (mA3/s): 5.66039991
Recirc filter efficiency (e,o,p frac): 0.9900 0.9000 0.9900
Filtered intake flow 2 (feeds recirc): 0.56599998
Intake 2 filter efficiency (e,o,p frac)' 0.9900 0.9000 0.9900
Bottled air flow rate (mA3/s): O.O0000000E-01
Control room volume (m^3): 8490.00000000

CUMULATIVEDOSE
ENDTIME WHBODY SKIN THYROID LUNG BONE LIVER

HOURS REM REM REM REM REM REM

1.333E-01 2.525E-04 2.842E-02 1.887E-03 3.549E-04 4.510E-06 7.670E-06
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TIME STEP START: 0.13333334
TIME STEP END: 2.00000000

Buildingcross sectionalarea (m^2): 6000.00000000
Buildingheight (m): 20.00000000
Releaseheight (m): 25.00000000
Effluentvertical velocity (m/s): 3.00000000
Effluentflow rate (m^3/s): 1.00000000
Horizontaldistance to receptor (m): 100.00000000
Air intake height (m): 21,00000000
Windspeed(m/s): I.00000000
Verticaldispersionclass: 3
Horizontaldispersionclass: 3

Flow in from unfilteredsource I (mA3/s): O.O0000000E-01
Flow in from unfilteredsource 2 (mA3/s): O.O0000000E-01
Filtered intakeflow source I (m^3/s): O.O0000000E-01
Filter efficiency#i (ele,org,partfrac):0.9900 0.9000 0.9900
Recirculationflow rate (m^3/s): 5.66039991
Recirc filter efficiency (e,o,pfrac): 0,9900 0.9000 0.9900
Filtered intake flow 2 (feeds recirc): 0.56599998
Intake2 filter efficiency (e,o,p frac): 0.9900 0.9000 0.9900
Bottledair flow rate (mA3/S): O.O0000000E-01
Controlroom volume (mA3): 8490.00000000

CUMULATIVEDOSE
END TIME WH BODY SKIN THYROID LUNG BONE LIVER
HOURS REM REM REM REM REM REM

2.000E+O04.303E-024.843E+009.655E-026.049E-022.321E-043.941E-04
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TIME STEP START: 2,00000000
TIME STEP END: 8.00000000

Buildingcross sectionalarea (m^2)_ 6000.00000000
Buildingheight (m): 20.00000000
Releaseheight (m): 25.00000000
Effluentvertical velocity (m/s): 3.00000000
Efflue,ltflow rate (m^3/s): 1.00000000
Horizontaldistance to receptor (m): 100.00000000
Air intake height (m): 21.00000000
Windspeed (m/s): 1.00000000
Verticaldispersionclass: 3
Horizontaldispersionclass: 3

Flow in from unfilteredsourceI (mA3/s): O.O0000000E-01
Flow in from unfilteredsource 2 imA3/s): O.O0000000E-01
Filteredintake flow source I (m^3/s): O.O0000000E-01
Filterefficiency#I (ele,org,partfrac): o.ggo0 o.go00 0.9900
Recirculationflow rate (m^3/s): 5.66039991
Recircfilter efficiency (e,o,pfrac): o.9go0 0,9000 0.9900
Filteredintake flow 2 (feedsrecirc): 0.28299999
Intake2 filter efficiency (e,o,p frac): 0.9900 o,go00 0.9900
Bottledair flow r_.te(m^3/s): O.O0000000E-01
Controlroom volume (mA3): 8490.00000000

CUMULATIVEDOSE
END TIME WH BODY SKIN THYROID LUNG BONE LIVER
HOURS REM REM REM REM REM REM

8.O00E+O03.118E-013.727E+015.309E-014.497E-011.255E-032.062E-03



TIME STEP START: 8.00000000
TIME STEP END: 24,00000000

Buildingcross sectionalarea (m^2): 6000.00000000
Buildingheight (m): 20.00000000
Releaseheight (m): 25.00000000
Effluentvertical velocity (m/s): 3.00000000
Effluentflow rate (m^3/s): 1.00000000
Horizontaldistance to receptor (m): 100.00000000
Air intakeheight (m): 21.00000000
Windspeed(m/s): 1.00000000
Verticaldispersionclass: 3
Horizontaldispersionclass: 3

Flow in from unfilteredsource I (m^3/s): O.O0000000E-01
Flow in from unfilteredsource 2 (mA3/s): O.O0000000E-01
Filteredintakeflow source I (mA3/s): O.O0000000E-O!
Filterefficiency#I (ele,org,partfrac): o.ggo0 O.gO00 o.ggo0
Recirculationflow rate (m^3/s): 5.66039991
Recircfilter efficiency (e,o,pfrac): o.ggo0 o.go00 0.9900
Filteredintakeflow 2 (feedsrecirc): 0.28299999
Intake2 filter efficiency (e,o,pfrac): o.ggo0 o.go00 o.ggo0
Bottledair flow rate (mA3/s): O.O0000000E-01
Controlroom volume (m^3): 8490.00000000

CUMULATIVEDOSE
END TIME WH BODY SKIN THYROID LUNG BONE LIVER
HOURS REM REM REM REM REM REM

2.400E+011.841E+002.500E+023.528E+002.850E+008.176E-031.296E-02



TIME STEPSTART: 24,00000000
TIME STEPEND: 4B,O0000000

Building cross sectional area (m^2): 6000 00000000
Building height (hl): 20 00000000
Release height (m): 25 00000000
Effluent vertical velocity (m/s): 3 00000000
Effluent flow rate (m^3/s): I 00000000
Horizontal distance to receptor (m): 100 00000000
Air intake height (m): 21 00000000
Wirldspeed (m/s): I 00000000
Vertical dispersion class: 3
Horizontal dispersion class: 3

Flow in from unfiltered source I (mA3/s): O,O0000000E-01
Flow in from unfiltered source 2 (mA3/s): O.O0000000E-01
Filtered intake flow source i (mA3/s): O.O0000000E-OI
Filter efficiency #I (ele,org,part fr'ac): 0,9900 0,9000 0.9900
Recirculation flow rate (mA3/s): 5,66039991
Recirc filter efficiency (e,o,p frac): 0,9900 0.9000 0,9900
Filtered intake flow 2 (feeds recir'c): 0.28299999
Intake 2 filter efficiency (e,o,p frac): 0,9900 0.9000 0.9900
Bottled air flow rate (mA3/s): 0,23590000
Control room volume (mA3): 8490.00000000

CUMULATIVEDOSE
ENDTIME WHBODY SKIN THYROID LUNG BONE LIVER

HOURS REM REM REM REM REM REM

4.800E+01 3.016E+00 4.473E+02 1.085E+01 5,015E+00 2,452E-02 3,754E-02



TIME STEP START: 696,00000000
TIME STEP END: 720.00000000

Buildingcross sectionalarea (m^2): 6000.00000000
Buildingheight (m): 20.00000000
Releaseheight (m): 25.00000000
Effluentvertical velocity (m/s): 3.00000000
Effluentflow rate (mA3/s): 1.00000000
Horizontaldistance to receptor (m): i00.00000000
Air intake height (m): 21.00000000
Windspeed(m/s): 1.00000000
Verticaldispersionclass: 3
Horizontaldispersionclass: 3

Flow in from unfilteredsource I (mA3/s): O.O0000000E-01
Flow in from unfilteredsource 2 (m^3/s): O.O0000000E-01
Filteredintake flow source I (m^3/s): O.O0000000E-01
Filterefficiency#I (ele,org,partfrac):0.9900 O,gO00 0.9900
Recirculationflow rate (m^3/s): 5.66039991
Recirc filter efficiency (e,o,pfrac): 0.9900 O.gO00 O.ggO0
Filteredintake flow 2 (feedsrecirc): 0.2B2ggggg
Intake2 filter efficiency (e,o,pfrac): o.ggo0 O.gO00 O.ggO0
Bottledair flow rate (m^3/s): 0.2359_000
Controlroom volume (mA3): 8490.00000000

CUMULATIVEDOSE
END TIME WH BODY SKIN THYROID LUNG BONE LIVER
HOURS REM REM REM REM REM REM

7.200E+025.215E+019.988E+035.310E+02 1.075E+021.166E+001.697E+00

SUMMARY

ORGAN DOSE (REM)
WHOLE BODY DOSE: 52.14751430
SKIN DOSE: 9987.56B36000
THYROIDDOSE: 530.98608400
LUNG DOSE: 107.54503600
BONE DOSE: 1.16612422
LIVER DOSE: 1.69656670

--> End of calculation<--
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DoseversusTime
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APPENDIX0

SAMPLEOUTPUTFRONCHEH



C H ElM C 0 D E

TIME CONCENTRATION EXPOSURE MEANCONC
min g/mA3 g's/mA3 g/m^3

O.O0000000E-01 1.37873400E-07 6 89366971E-07 1.37873400E-07
5.00000000 1.63820312E-06 8 88038267E-06 8.88038244E-07

10.00000000 8.91709806E-06 5 34658720E-05 3.56439136E-06
15.00000000 2.96821672E-05 2 01876712E-04 1.00938360E-05
20.00000000 7.16643917E-05 5 60198678E-04 2.24079467E-05
25.00000000 1.38497475E-04 1 25268602E-03 4.17562005E-05
30.00000000 2.27981101E-04 2 39259144E-03 6.83597536E-05
35.00000000 3.33763135E-04 4 06140694E-03 1.01535174E-04
40.00000000 4.48164239E-04 6 30222820E-03 1.40049509E-04
45.00000000 5.63941547E-04 9 12193581E-03 1.82438715E-04
50.00000000 6.748266i7E-04 1.24960691E-02 2.27201250E-04
55.00000000 7.76032743E-04 ] 63762327E-02 2 72937206E-04
60.00000000 8.65296286E-04 2 07027141E-02 3 18503298E-04
65.00000000 9.41607810E-04 2 54107527E-02 3 63010768E-04
70.00000000 1.00457808E-03 3 04336436E-02 4 05781902E-04
75.00000000 9.48029396E-04 3 51737924E-02 4 39672411E-04
80.00000000 8.94663914E-04 3 96471135E-02 4 66436642E-04
85.00000000 8.44302413E-04 4 38686274E-02 4 87429206E-04
90.00000000 7.96775799E-04 4 78525050E-02 5 03710588E-04
95.00000000 7.51924526E-04 5 16121276E-02 5 16121276E-04

100.00000000 7.09597953E-04 5 51601164E-02 5 25334443E-04
105.00000000 6.69653993E-04 5.85083850E-02 5 31894388E-04
110.00000000 6.31958537E-04 6 16681762E-02 5.36245003E-04
115.00000000 5.96384984E-04 6 46501034E-02 5.38750843E-04
120.00000000 5.62813890E-04 6 7464i728E-02 5.39713365E-04
125.00000000 5.31132566E-04 7 01198354E-02 5.39383327E-04
130.00000000 5.01234608E-04 7 26260096E-02 5.37970453E-04
135,00000000 4.73019609E-04 7 49911070E-02 5,35650761E-04
140.00000000 4.46392864E-04 7 72230700E-02 5,32572914E-04
145.00000000 4.21264966E-04 7 93293938E-02 5.28862642E-04
150.00000000 3.97551543E-04 8 13171491E-02 5.24626754E-04
155.00000000 3.75172967E-04 8 31930116E-02 5.19956346E-04
160.00000000 3.54054122E-04 8 49632844E-02 5.14929008E-04
165.00000000 3.34124081E-04 8 66339058E-02 5.09611215E-04
170,00000000 3.15315905E-04 8 82104859E-02 5.04059892E-04
175.00000000 2.97566468E-04 8 96983147E-02 4.98323992E-04
180.00000000 2.80816166E-04 9 II023989E-02 4.92445426E-04
185.00000000 2.65008741E-04 9 24274400E-02 4.86460223E-04
190.00000000 2.50091136E-04 9 36778933E-02 4 80399467E-04
195.00000000 2.36013264E-04 9 48579609E-02 4 74289816E-04
200,00000000 2.22727846E-04 9 59715992E-02 4 68154147E-04
205.00000000 2.10190279E-04 9 70225483E-02 4 62012133E-04
210.00000000 1.98358466E-04 9 80143398E-02 4 55880654E-04
215.00000000 1.87192680E-04 9 89503041E-02 4 49774117E-04
220.00000000 1.76655420E 04 9 98335779E-02 4 43704805E-04
225 00000000 1.66711310E-04 0.10066713 4 37683193E-04
230 00000000 1.57326969E-04 0 10145377 4.31718159E-04
235 00000000 1.48470877E-04 0 10219612 4.25817154E-04
240 00000000 1.40113305E-04 0 10289668 4.19986463E-04
245 00000000 1.32226196E-04 0 10355781 4.14231239E-04
250 00000000 1.24783051E-04 0 10418172 4.08555759E-04
255 00000000 1.17758893E-04 0 10477052 4.02963546E-04

i
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260 00000000 1.]]130132E-04 0.10532617 3.97457246E-04
265.00000000 ] .04874511E-04 O.10585054 3,92039045E-04
270,,00000000 9.89710243E-05 ,O.10634539 3.86710512E-04
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