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DISCLAIMER

NOTICE: This computer software was prepared by Battelle Energy Alliance, LLC under
Contract No. DE-ACO07-05ID14517 with the U. S. Department of Energy. The United
States Government is granted for itself and others acting on its behalf a non-exclusive,
paid-up, irrevocable worldwide license in this software to reproduce, prepare derivative
works, and perform publicly and display publicly, by or on behalf of the Government.
NEITHER THE UNITED STATES NOR THE UNITED STATES DEPARTMENT OF
ENERGY, NOR ANY OF THEIR EMPLOYEES, MAKES ANY WARRANTY,
EXPRESS OR IMPLIED, OR ASSUMES ANY LEGAL LIABILITY OR
RESPONSIBILITY FOR THE ACCURACY, COMPLETENESS, OR USEFULNESS
OR ANY INFORMATION, APPARATUS, PRODUCT, OR PROCESS DISCLOSED,
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ABSTRACT

The Radiological Safety Analysis Computer (RSAC) Program Version 7.0
(RSAC-7) is the newest version of the RSAC legacy code. RSAC-7 calculates
the consequences of a release of radionuclides to the atmosphere. A user can
generate a fission product inventory from either reactor operating history or a
nuclear criticality event. RSAC-7 models the effects of high-efficiency
particulate air filters or other cleanup systems and calculates the decay and
ingrowth during transport through processes, facilities, and the environment.
Doses are calculated for inhalation, air immersion, ground surface, ingestion, and
cloud gamma pathways. RSAC-7 can be used as a tool to evaluate accident
conditions in emergency response scenarios, radiological sabotage events and to
evaluate safety basis accident consequences.

This users’ manual contains the mathematical models and operating
instructions for RSAC-7. Instructions, screens, and examples are provided to
guide the user through the functions provided by RSAC-7. This program was
designed for users who are familiar with radiological dose assessment methods.
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Introduction

1. INTRODUCTION

Radioactive releases from nuclear facilities may contribute to radiation exposure through a number of
pathways: external exposures by direct radiation from plumes or deposited radionuclides; internal
exposures from inhalation or ingestion of radioactive material. The Radiological Safety Analysis
Computer (RSAC) Program Version 7.0 (RSAC-7) calculates the consequences of a release of
radionuclides to the atmosphere. Using a personal computer, a user can generate a fission product
inventory; calculate inventory decay and ingrowth; the inventory during transport through processes,
facilities, and the environment; model the downwind dispersion of the activity; and calculate doses to
downwind individuals.

A fission product inventory can be calculated from reactor operating history and can be used to
simulate a nuclear criticality accident. Radionuclide inventories can also be directly input into RSAC-7 if
desired. Source term modeling allows for complete progeny ingrowth and decay during all accident
phases. RSAC-7 release scenario modeling allows fractionation of the inventory by chemical group or
element. RSAC-7 also models the effects of high-efficiency particulate air (HEPA) filters or other
cleanup systems. RSAC-7's meteorological capabilities include Gaussian plume diffusion for Pasquill-
Gifford, Hilsmeier-Gifford, and Markee models. RSAC-7 possesses the unique ability to model Class F
fumigation conditions. Optionally, users can supply plume standard deviations (os) or atmospheric
diffusion (/Qs) to the code as input data. RSAC-7 also includes corrections for deposition (wet and dry)
plume rise (jet and buoyant), resuspension, and release in a room and building wake. Doses are
calculated through inhalation, immersion, ground surface, and ingestion pathways, and cloud gamma dose
from semi-infinite plume model and finite plume model.

RSAC 7 calculates internal dose using the dose conversion factors and methodology from both
ICRP 26/30 and ICRP 60/68/72. In addition to the calculation of lifetime dose, RSAC 7 calculates the
acute 24 hour dose from radiological sabotage events.

RSAC 7 is an excellent tool to evaluate accident conditions in emergency response scenarios and to
evaluate of safety basis accident conditions.

1.1 RSAC History

RSAC was originally developed and written in assembly language (MAP) for the IBM 7044/44 in
1966 by R. L. Coates and N. R. Horton for support of the Advanced Test Reactor dose consequence
calculations. In 1968, a FORTRAN version of the program was prepared by L. C. Richardson. Since
1968, RSAC has undergone substantial revision.

In 1973, RSAC-2 was issued by D. R. Wenzel (Wenzel 1973) to:
¢ add input and output options
e change the inhalation dose calculations (lung and gastro-intestinal tract)
e change the numerical integration methods for cloud gamma dose calculations
e change the gamma-ray buildup factor model
e revise radionuclide yields and half-lives in the standard library
o refine output format for ease of reading

e reduce computer memory requirements.
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In 1982, RSAC-3 was issued (Wenzel 1982) to:
add a fifty-mile population dose calculation

use the U.S. Nuclear Regulatory Commission (NRC) Regulatory Guide 1.109 for ingestion dose
calculations

use the International Commission for Radiological Protection (ICRP) Lung Dynamics Model for
inhalation dose calculations

use the Dolphin and Eve Gastro-intestinal Tract Model

improve error detection.

After undergoing an extensive verification and validation, RSAC-4 (Wenzel 1990) was enhanced and

issued in 1990 to:

convert the program to FORTRAN 77
execute RSAC-4 on a personal computer

use internal dose conversion factors from DOE/EH-0071 and external dose-rate conversion factors
from DOE/EH-0070

add dose summary tables

add an ingestion dose model for an acute release

increase the number of organs in the dose calculations
include water immersion dose calculations

program calculated plume rise for either jet or buoyant plume
revise fission yields and half-lives

add radionuclides to the standard library

update the photon data library

enhance error diagnostics

include verification and validation necessary to meet the additional requirements for software
imposed by ASME-NQA-1, “Quality Assurance Program Requirements for Nuclear Facilities.”

In 1994, RSAC-5 (Wenzel 1994) was issued to:
add an option to calculate cloud-gamma doses expressed in external dose equivalent
add a variable particle size option for inhalation dose calculations

resolve the over depletion for ground level releases during stable meteorology that was observed in
earlier versions of RSAC

add a reflective meteorological model to better model diffusion below the mixing depth
include additional radionuclides to more accurately model the U-235 fission chain

add a dose summing option

incorporate a simplified notation for radionuclide identification

include a capability to read radionuclide inventories from external files
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e correct errors observed in earlier versions of RSAC for the finite-plume model integration for cloud-
gamma dose calculations and large plumes

e add meteorological diffusion using Pasquill-Gifford parameters

e include an option to simulate the release of fission products from an operating reactor
e update forage and vegetation yields

e include an option to read ingestion transfer parameters from an external file

o refine the model for ingestion dose calculations from an acute release.

After major modifications, RSAC-6 was released in 2001 to:
e add radionuclides to the program library

e use internal dose conversion factors from Federal Guidance Report (FGR)-11 and external dose-rate
conversion factors from FGR-12

e calculate doses at distances of less than 100 meters

e correct minor errors identified in the program

e printout radionuclides in a logical order

e add default lung clearance classes to provide the maximum dose based on each element

e allow entry of radionuclide input in either upper or lower case characters

e climinate a discontinuity in the leakage function

e add an option to allow the user to enter a respirable fraction for inhalation dose calculations
¢ add an option to allow the user to enter an occupancy factor for ground surface dose calculations
e incorporate editorial changes in program output

e enhance the method to estimate the building wake effect

e cvaluate the instantaneous release to a room

e cvaluate the resuspension of particulate activity

e enhance the method for evaluation of dry deposition

e perform calculation of an effective 6, and o, when (/Q is directly input.

RSAC-7 is the latest version of RSAC. This revision of RSAC included the following additions
¢ add internal dose conversion factors from ICRP 68 and 72
¢ add acute dose conversion factors for a 24 hour exposure from a sabotage event.
e Correct minor errors in the printing and display features

e Add the capability to perform joint frequency meteorological conditions to calculate both 50% and
95% metrological conditions for input into RSAC.

o Establish an internal validation process to assure proper verification of installation parameters.
o Establish 20 new examples for execution of the enhanced capabilities of RSAC-7

e Input units of Curies, grams and Becquerel are available in the direct input model.
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1.2 Summary of RSAC-7 Capabilities

RSAC-7 consists of nine subroutines. Each subroutine performs a type of calculation and operates
together with or independently of the others, depending on the analysis being performed. Historically
these subroutines have been referred to as series. For consistency with earlier versions this nomenclature
has been retained. Both the series number and the subroutine function are indentified. These series are
identified by input series lines of multiples of 1000. A summary of each of the program series follows.

1.2.1 1000 Series — Fission Product Calculation and Inventory Decay

RSAC-7 allows the user to establish an inventory of fission products (and subsequent decay products)
by simulating the operation of a thermal reactor. The user can simulate steady-state, transient, or cyclic
reactor operation. A refueling option is also available. After establishing the reactor operating history,
the user can then specify the fractional release of the radionuclide inventory by individual element, by
groups of elements (solids, halogens, noble gases, cesium, or ruthenium), or by a single release fraction
for the entire inventory.

RSAC-7 calculates inventories for fission products only. The nuclear data library contains selected
activation products, actinides, and the daughters of actinides in addition to the fission products.
Inventories for activation products and actinides are not calculated by RSAC-7; however, they can be
added to the inventory by using the radionuclide direct input section of the program. Subsequent sections
of the program calculate the radioactive decay and doses from these additional radionuclides.

The model used by RSAC-7 to calculate fission product inventories is simple compared to the model
used in the ORIGEN?2 program (Croff 1980, RSICC 1991). RSAC-7 is simple to run and requires less
computer time than ORIGEN2. In general, the RSAC-7 model calculates fission product inventories
well. However, it does not calculate inventories for activation products or actinides. While the RSAC-7
model corrects for depletions of fission products by neutron activation, it does not calculate all of the
subsequent radionuclides that are produced by the neutron activation of fission products. When
irradiation times are long, the burnup is relatively high, or the enrichment of the fuel is low, inventories of
radionuclides produced primarily by the activation of fission products (Cs-134, Pm-147, Sm-151, Eu-154
and Eu-155) can differ from ORIGEN2-calculated inventories by more than 20%. When doses from
these radionuclides are significant compared to the other fission products, users should use a more
sophisticated computer program such as ORIGEN2 and import the final inventory using the 2000 Series
direct radionuclide input option. RSAC-7 can then be used to calculate inventory decay and simulate
additional reactor operation or fuel handling accidents such as a criticality.

The 1000 Series of RSAC-7 can be reentered as many times as desired to modify the radionuclide
inventory. One of the options in this series is to fractionate the radionuclide inventory and to simulate
removal of activity by cleanup systems such as HEPA filters. The inventory can be fractionated for a
chemical group, element, or the entire inventory.

1.2.2 2000 Series — Direct Radionuclide Input

This series allows users to input a radionuclide inventory from an external file or to directly input the
amounts of radionuclides to be used in subsequent calculations. The direct radionuclide input option
should be used to add activation products and other radionuclides not generated by the 1000 series source
term generation function.
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1.2.3 3000 Series — Dose Summary Option

This series allows doses from different exposure pathways and multiple RSAC-7 calculations within
the same input run to be summarized, added, and reported in summary tables. This option has strict
operating guidelines [see Section 4.1, Dose Summary Option Control Line (3000)].

1.2.4 5000 Series — Meteorological Data Input

This series allows the user to specify meteorological conditions at the time of release and to calculate
diffusion, dispersion, and depletion factors.

This input series of RSAC-7 must normally be entered before any dose calculations are requested.
After establishing basic meteorological parameters (such as stack height, wind velocity, and mixing layer
depth), the user specifies points of interest for dose calculations at downwind and/or crosswind positions.

RSAC-7 models the release of radioactivity from containment structures using exponential functions.
Instantaneous and continuous releases are modeled using a single exponential function. Complex release
scenarios can be modeled using a series of up to 10 exponential functions. These functions calculate the
radionuclide inventory decay while it is held up by the containment structure before it is released.

Atmospheric diffusion parameters can be input directly by the user or calculated by RSAC-7.
RSAC-7 calculates plume standard deviations (os) developed for three different conditions. Hilsmeier-
Gifford os (Clawson et al. 1989) were developed for desert terrains and releases from a few to 15
minutes. Markee os (Clawson et al. 1989) were also developed for a desert terrain; however, they were
developed for releases from 15 to 60 minutes in duration. Pasquill-Gifford os are presented in the NRC
Regulatory Guide 1.145 (NRC 1982) and by Slade (1968) from the Prairie Grass experiments for effluent
releases with durations of 10 to 60 minutes.

Other meteorological options available in RSAC-7 are corrections for plume rise using models by
Briggs (1969), building wake corrections (Ramsdell, 1997), and plume depletion using modeling of
Markee (1967) and Chamberlain (1953).

1.2.5 6000 Series — Radionuclide Inventory Decay for Printout

This series allows the user to calculate the radioactive decay of the entire radionuclide inventory or of
selected radionuclides for printout. Decay of the radionuclide inventory for subsequent dose calculations
is not done in this series, but in the 1000 Series. If downwind distances have been previously specified in
the meteorological section of the program (5000 Series), decay times are calculated for each downwind
position. Alternately, the user can directly specify decay times in this series. Radionuclide inventory
printout options are then available. Inventories for activation products and actinides are printed only
when 2000 Series input has been used to enter these radionuclides.
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1.2.6 7000 Series — Internal/External Dose Calculations

This series allows the user to perform a variety of dose calculations. The radionuclide source term for
these calculations is the radionuclide inventory created and operated on in the 1000 and 2000 Series. An
internal dose can be calculated for up to 23 organs in addition to the committed effective dose equivalent
(CEDE) for the inhalation or ingestion pathways. Internal doses are calculated using dose conversion
factors from Federal Guidance Report No. 11(Eckerman 1988). Ingestion doses from a chronic release
are calculated using models described in Regulatory Guide 1.109 (NRC 1977a). Because of the lack of a
consensus model, equations for calculating ingestion doses from an acute release have been developed
specifically for RSAC-7. Standard ingestion constants are provided in the program; however, the user
can alter any of the constants. External dose can also be calculated for up to 23 organs in addition to the
external effective dose equivalent (EDE) for the ground surface and for air immersion pathways. The air
immersion model should be used with caution to ensure that the plume has diffused to the ground level
and that the plume size is large compared to the mean free path of the gamma rays. Otherwise, using the
air immersion model can result in significant error in the dose calculation. External doses are calculated
using dose-rate conversion factors from Federal Guidance Report No. 12 (Eckerman 1993). External
exposure from a release to a room and internal exposure from resuspension are also available.

1.2.7 9000 Series — Cloud Gamma Dose Calculation

RSAC-7 calculates cloud gamma doses (in addition to the air immersion model provided in the 7000
Series input) using either a finite plume model or a semi-infinite cloud gamma model. The finite plume
model is accurate for any plume size, location, or release point. However, compared to the air immersion
or semi-infinite models, it requires longer computer time to perform calculations. When the plume has
diffused to ground level and is large compared to the mean free path of the gamma rays, both the semi-
infinite and the air immersion models give accurate results. However, as noted in the 7000 Series
discussion in this section, significant errors can result when the proper conditions for these simplified
models do not exist. Whenever in doubt, the user should use the finite plume cloud gamma model. By
comparing the results of the finite plume model with the semi-infinite plume model, users can establish
when the simplified models can be used.
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2. RSAC-7 Software Management

This chapter provides the software management (SM) and software quality assurance (SQA)
requirements of DOE O 414.1C, Quality Assurance, dated 6-17-05, for RSAC-7. This chapter
supplements the quality assurance program (QAP) requirements of Title 10 Code of Federal Regulations
(CFR) 830, Subpart A, Quality Assurance, for DOE nuclear facilities and activities. The SQA
requirements for DOE, including the National Nuclear Security Administration (NNSA), and its
contractors are necessary to implement effective quality assurance (QA) processes and achieve safe
nuclear facility operations.

DOE promulgated the software requirements and this guidance to control or eliminate the hazards and
associated vulnerability posed by security software. Software failures or unintended output can lead to
unexpected program failures and undue risks to the DOE/NNSA mission, the environment, the public,
and the workers. This standard includes software application practices covered by appropriate national
and international consensus standards and various processes currently in use at DOE facilities. This
guidance is considered to be of sufficient rigor and depth to ensure acceptable reliability of safety
software at DOE/NNSA facilities.

This chapter should be used by organizations to help determine and support the steps necessary to
address possible design or functional implementation deficiencies that might exist and to reduce
operational hazards-related risks to an acceptable level. Attributes such as the facility life-cycle stage and
the hazardous nature of each facility’s operations should be considered when using this standard.
Alternative methods to those described in this standard may be used provided they result in compliance
with applicable requirements. Another objective of this guidance is to encourage robust software quality
methods to enable the development of high quality applications. This section describes the installation
procedures for loading RSAC-7 onto a personal computer. The minimum hardware and software
requirements are listed.

The section also identifies the point-of-contact for questions about the program and a summary of
quality assurance activities conducted to ensure the integrity of RSAC.

2.1 Hardware and Software Requirements

RSAC-7 runs on an personal computer or compatible computer running Windows XP or Vista. Although
the code does run on earlier versions of Windows operating systems, it has not been validated on those
earlier versions of Windows. The computational program is written in FORTRAN, and the user
interface 1s written in VisualBasic for DOS.
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2.2 Loading Instructions and Validation of Installation

Place the RSAC-7 CD in the CD reader. Double click on "My Computer," Double click on the drive
letter for your CD reader. Double click on "Setup" and answer the questions. You will be requested to
have a key to install the software. There is a readme file included with the software that can assist with
installation if necessary. Once the program has been installed and opened a screen will open that requires
aresponse. That screen is shown below.

This computer software was prepared by Battelle Energy Aliance, LLC under Confract Mo.
ACOT-00101451 7 with the U, 5. Departrnent of Energy. For five years from March 2005,
the Government is granted for itself and others acting on its behalf a nonexclusive, paid-
up, irrevocable worldwide license in this dafa to reproduce, prepare derivative works, and
perform publicly and display publicly, by or on behalf of the Government. There is
provision for the possible extension of the term of this license. Subsequent fo that period
ar any extension granted, the Governrment is granted for itself and others acting on its
behalf a nonexclusive, paid-up, irrevocable worldwide license in this data to reproduce,
prepare derivative works, distribute copies 1o the public, perform publicly and display
publicly, and to permit others to do so. The specific term of the license can be identified by
inguiry made to Contractor or DOE. NEITHER THE UNITED STATES NOR THE
LINITED STATES DEFARTMENT OF ENERGY, NOR ANY OF THEIR EMFLOYEES,
MAKES ANY WARRBANTY, EXFRESS OR IMFLIED, OR ASSUMES ANY LEGAL
LIABILITY OR RESFONSIEILITY FOR THE ACCURACY, COMFLETENESS, OR
USEFULNESS QR ANY INFORMATION, APPARATUS, FRODUCT, OR FROCESS
DISCLOSED, OR REPRESENTS THAT ITS USEWOULD NOT INFRINGE PRIWATELY
OWNED RIGHTS.

Accept I Mot Accept

In order to continue with use of the software the terms of the license must be accepted each time the
software is opened. The next step is to validate the installation. This is done by clicking on the RSAC

QC selection under the help menu. Once the selection is made acceptance of the verification is required
as shown below.

verifying RSAC Installation S

@ | Continuing this option will automatically run all of the RSAC Examples
x__-/ (see onboard documentation), ko verify correct RSAC installation, Each
: Example is executed with all parameters/defaults set ta the exact values
stated in the documentation. The resulting output is compared with the
docurnented resulks, This ensures that RSAC has been installed and is
operating correckly,

Do ywou wank ko continue with this Case Study Yerification?

Yes Mo
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A selection of Yes will continue with the installation validation and a selection of No will abort and
return you to the main screen. If Yes was selected as the option, all 20 examples are executed and
compared against the verified and validated results. If the following screen is displayed the installation
has been successfully verified. This QC check should be performed each time a change is made to the
operating system. This assures that the change has not affected the RSAC execution capabilities.

x

-
\!) RS&C installation was succesfully verified.

8]4 |

I arne Status
<7 Example 01 Direct Input of Badionuclides Success
7 Example 02 Simulated Reactor Operation Success
<7 Example 03 Calculation of Chi-Q Success
<2 Example 04 Simulated Reactar Operation with Decay for Tranzport Success
%% Example 05 Simulated Reactar Operation ICRP 30 Inhalation Doze Success
£2? Example 06 Simulated Reactor Operation ICRP B2 YWoaorker Inhalation Doze Success
£ Example 07 Simulated Reactor Operation ICRP 72 Public Inhalation Dose Success
£ Example 08 Simulated Reactor Operation Acute Dose Inhalation Doze Success
%” Example 09 Ground Suiface Calculation Success
% Example 10 Cloud Gamma Calculation Success
%2 Example 11 FGR 13 Mortality Rizk Calculation Succesz
7 Example 12 FGR 13 Morbidity Rizk Calculation Success
7 Example 13 Resuspension Caloulation Success
<7 Example 14 Simulated Reactor Operation ICRP 30 Ingestion Dose Success
<z Example 15 Simulated Reactar Operation Air Immersion Calculation Success
<27 Example 16 Simulated Reactar Operation ICRP 72 Ingestion Dose Success
% Example 17 Criticality Sccident Success
€27 Example 18 Uranium Fire with Plume lofting Success
€27 Example 19 plutonium Fire with Plume lofting Success
%? Example 20 Feleaze to a Foom Success

If the screen shown above does not display it will show an error and request that you no longer use
the software and notify the RSAC program point of contact of the problem through the bug reporting
system.
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2.3 Point-of-Contact and Issues Reporting

RSAC-7 has imbedded in the help menu a method to report bugs, provide suggestions and look for
program updates. These options are available when the website is selected under the Help menu. This
links you directly with the Idaho National Laboratory RSAC website. Located on the website are links to
report bugs, provide suggestions, look up product information, obtain downloads for program updates and
manuals.

Information on how to obtain a copy of RSAC-7 or to resolve problems encountered running RSAC-7
can also be directly obtained by contacting:

Dr. Bradley .J. Schrader P.E., CHP

Idaho National Laboratory

P.O. Box 1625

Idaho Falls, ID 83415-3214

(208) 526-0912

email: Bradley.Schrader@inl.gov

2.4 Software Management and Quality Assurance

The scope of the Department of Energy Quality Assurance (QA) Rule, 10 CFR 830 Subpart A, is
stated as “This subpart establishes quality assurance requirements for contractors conducting activities,
including providing items or services, that affect, or may affect, nuclear safety of DOE nuclear facilities.”
The scope of the QA Rule encompasses the contractor’s conduct of activities as they relate to software
(items or services). Therefore the RSAC software application for nuclear safety, safeguards and security,
emergency preparedness are within its scope. DOE O 414.1C establishes the Software Quality Assurance
(SQA) requirements to be implemented under the Rule for RSAC.

DOE O 414.1C requires that an appropriate level of quality infrastructure be established and a
commitment made to maintain this infrastructure for the software. The RSAC SQA program establishes
the appropriate software life-cycle practices, including design concepts, to ensure that software functions
reliably and correctly performs the intended work specified for that software. The RSAC SQA program is
fully documented and available for review from the software point of contact. The software management
program has 10 software quality work activities that ensure that safety software performs its intended
functions. The RSAC SQA plan documents the implementation strategies and appropriate standards for
these ten activities.

1. Software project management and quality planning.
Software risk management.
Software configuration management (SCM).

Procurement and supplier management.

2
3
4
5. Software requirements identification and management.
6. Software design and implementation.

7. Software security.

8. Verification & Validation.

9. Problem reporting and corrective action.

10. Training of personnel in the design, development, use, and evaluation of security software.

RSAC-7 2-4 March 2009



Installing RSAC-7

RSAC nuclear safety software is controlled in a traceable, planned, and orderly manner. The software
quality work activities defined in this section provide the basis for planning, implementing, maintaining,
and operating safety software.

241 Configuration Control

Configuration control is maintained by issuing copies of RSAC-7 with a unique serial number. Only
binary copies of RSAC-7 and its libraries are issued to users to prevent user changes to the program that
would invalidate the extensive validation and verification.

242 Verification and Validation

RSAC-7 has been subjected to extensive independent verification and validation (V&V) for use in
performing safety-related dose calculations to support safety analysis reports and emergency response
conditions (INEEL 2001). RSAC verification and validation files are contained in 7 volumes in excess
of 10,000 pages. The files are maintained by the Idaho National Laboratory and are available for review.
The INL maintains a Software Management Plan and a Software Quality Assurance Plan in accordance
with DOE recommendations.

243 Restrictions or Limitations

The RSAC is based on the Gaussian model of dispersion. As such, RSAC is best suited for specific
types of conditions. Conditions that should be considered before applying RSAC include:

e RSAC is best suited for “short” duration plumes, ranging from approximately several minutes to
several days. It should be understood that plume meander has a significant effect on releases longer
than an hour. Meteorological conditions change and will cause plume variations from that
approximated using the Gaussian model.

e RSAC does not model dispersion close to the source (less than 100 meters from the source),
especially where the influence of structures or other obstacles is still significant. Although the
selection of distances inside of 100 meters can be performed, the results should be understood as only
a conservative approximation. Dispersion influenced by several, collocated facilities, within several
hundred meters of each other should be modeled with care. Similarly, RSAC should be applied with
caution at distances greater than ten to fifteen miles, especially if meteorological conditions are likely
to be different from those at the source of the release. Long-range projections of dose conditions are
better calculated with mesoscale, regional models that are able to account for multiple weather
observations. Nevertheless, some applications may require fifty-mile or greater radius analysis to
meet requirements, e.g. Environmental Impact Statements (EISs) or Probabilistic Safety Assessments
(PSAs).

e Gaussian models are inherently flat-earth models, and perform best over regions of transport where
there is minimal variation in terrain. Because of this, there is inherent conservatism (and simplicity)
if the environs have a significant nearby buildings, tall vegetation, or grade variations not taken into
account in the dispersion parameterization.

¢ RSAC does not account for momentum-driven releases from detonation type events.
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e In plumes arising from fire-related source terms, the user should exercise caution with the models
such as RSAC that use the Briggs algorithm. The Briggs approach for accounting for sensible energy
in a plume is valid for “open-field” releases (not impacted by buildings and other obstacles), or if
used in combination with building wake effects.

e Dose conversion factor applicability — The user should ensure that the dose conversion factors used in
RSAC are applicable to the radionuclides in the source term and the physicochemical characteristics.
For example, plutonium nitrates and oxides have different time scales for dosimetric effects in the
body. Thus, the appropriate lung absorption type should be used in the dose conversion factor file
used in the RSAC run. In all cases RSAC will default to the lung absorption type that results in the
highest dose.

RSAC-7 2-6 March 2009



Using RSAC-7

3. EXECUTING RSAC-7

RSAC-7 can be executed directly using a user-supplied ASCII input file or the windows graphical
user interface can be used to build input files. For those familiar with RSAC inputs and a DOS based
environment the same input-output techniques used since RSAC-2 (1973) can be applied and is not
discussed here. Further information on this command line process can be found in the user manuals of all
earlier versions. However for a complete description of the command line inputs for RSAC-7 see
chapter 4.

3.1 Using RSAC7

As previously discussed in section 2.2, the software installation should be validated upon installation
and when any changes are made to the computer/operating system that may affect the accurate execution
of RSAC.

3.11 Main Window

The RSAC main window (Figure 3-1) provides access to all of the programs tools and features.

#3 Rsac 7 - InputFilel.rsac* 10Ol x|

File Edit PRun Examples Tools  window  Help

FHRE 2 E X hh XD D

|.0.|:I|:IaSeries -1 xl " InputFilel.rsac* *d kX
/ @eneral 1 Reports Title: |

Fiszion Praduct Inventory Calculation Dienetil-alies i sypentay a il |
» Description:

Direct Badionuclide [nput » [Details:

Meteorological Diata Input
Internal/External Dose Calculation

Cloud Gammna Dose Calculation

|P.|:||:|Iicati0ns - B X
&> Direct Radiation Criticaliy Dose

S Joint Frequency Meteoralogical
Conditions

InputFiled G

Figure 3-1. RSAC Main Window.
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Some of the most commonly used components are:
(Toolbar)

S E S [ % N Wy W%
The toolbar provides shortcuts for:
¢ Opening files
e Printing
e Cut, Copy, Paste, Insert, and Delete series
¢ Run the currently open file with RSAC

(Add Menu)

The Add Series menu allows selecting which series to add to the open file. It works similar to a tab
control, just click on General to add a series or Reports to generate a report. Note that some series may be
disabled until its prerequisites are met.
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(File Summary)

Example 07 Simulated R] * X
Title: |
Simulated Reactor Operation with Inhalation Diose Calomalated Using ICEP 72
¥ (Description: |

ICEP 72 is the basis for the inhalation dose caloulation.

¥ [Last Modified: 9,9 /2008 10:13:16 PM
C:%Prograrm Files', INLY Esac? Examples ', Example 07 Sitnulated Feactor Operation ICEF 72 Public [nhalation Dose.tsac
¥ |Reactor Operation for 100 My days

|Fi$si|:un Product Inventory Calculation

v |Frﬂ|::1iunﬂtiun of Radionuclide Imventory

|Fi$$inn Froduct Inventory Calculation

¥ |Adding in the Beginning of Life Uranium Iventory in grams

|Direu:1 Radionuclide Input

¥ |Standﬂrd Dispersion Conditions for Transport

|Meteu:uru:u|u:ugiu:a| Drata Input

¥ |Repurt of Radionuclide Imentory as a funcion of downwind distance

|Hadiunuclide Inventary Decay for Printaut

¥ |Inhﬂ|ﬂtiun Dose Using ICRP 72 Adult Public Dose Comversion Factors

|InternaIIE>¢terna| Doze Calculation

¥ |5ummflr3.nr of Dose by Pathway

|D|:use Surmmary Option

The file summary provides the following:
e  Quick view of what series are in the file
e Selection of series to Cut, Copy, Paste, Insert, and Delete

e Double-click a series to open in edit mode

(File information)

C:AProgram Files4MLYR 2ac?E xampleshExample OF Simulated Reactor Operation ICRP 72 Public Inhalation Doze.rzac

The file information at the bottom of the screen shows the full path of the currently open file and the
date and time it was last modified.
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3.1.2 Other Tools and Features

Other tools and features that are accessible under the drop-down menu at the top of the window are:
e Create Text File - Creates a text file from the currently open file.
o Edit Text and ASCII Files - Opens the selected file in Notepad for editing.
e Browse File - Browse the currently open file in text format.
e Run Batch - Allows running a batch of mixed file types with RSAC.
e Run History - Views history database of all files run with RSAC.
e View Existing - Opens existing run output files for viewing.
e Options - Controls user settings for WinRp.
e  Website - Opens the RSAC website in Internet Explorer.

RSAC Manual - Opens the RSAC pdf manual, Adobe Acrobat Reader is required.

3.1.3 Options

The options dialog (Figure 3-2) is where certain features of WinRp can be controlled. To open the
options dialog click the Tools menu then Options.

gl Options x|

—Program Settings

|1III kaximum number of recent files

v Series end of data entry notification

] I Cancel Help

Figure 3-2. Options Dialog.
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314 Series Main Window

The series main window (Figure 3-3) provides a summary of all data that has been entered for the
current series. Data can be reviewed then saved, edited, or discarded using the buttons on the lower right
corner of the window.

£3 Meteorological Data Input =0l x|

Series Name: Standard Disperzion Conditions for Transport

Meteorological Data Series Input Print Contents__.

Se;ies Input

-Dispersion Option Dispersion Option:
p P Feleasze will be modeled uzing Meteorologizal Data.

- Meteorological Data
ownwind Distances Meteorological D ata:

-Leakage Decay Constants Average Wind Velocity 1. retersd secand
- Diffuzion Control Stack Height a0 meters

. e Wixitg D epth 400, meters
Plume Standard Deviation Control Air Density 1.033E3 grams/cubic meter
W ashout Fachor 1} liters/zecond

Plurne Depletion by Dy Depositi.on Mo

Dowrwind Distances:

Downwind Distance 1 100, meters
Downwind Distance 2 500 meters
Downwind Distance 3 1000. mekers
Downwind Distance 4 B000. meters
Downwind Distance 5 10000, meters

Leakage Decay Congtants:
Setd Lirear Constant 1. Exponential Canstatt 0

Diffuzion Caontral;
Program calculated standard deviations of plume concentration
Building ‘Aidth 0. meters
Building Height 0. meters

Plurne Standard Deviation Contral:
Standard Deviation Set
Pasquill-Gifford
‘wieather Class
Slightly Stable
Plume Rize Indicator
Mo program calculated Plume Rise
Plurne Meander: 0.

Edit I SN Cloge

Figure 3-3. Series Main Window.
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The navigation pane (Figure 3-4) on the left side of the series main window, gives a brief outline of
what data has been entered into the Series.

| Meteorological Data [

Senies 5000
Dizpersion Option
Meteorological Data
D eposition Yelocities
Downwind Distances
Leakage Decay Constants
Diffusion Control

Plume Standard Deviation Control
Jet Plume Rise Parameters

Figure 3-4. Navigation Pane.
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The contents pane (Figure 3-5) will display the data for the selected item in the navigation pane.
Thus, when a sub item is selected in the navigation pane the corresponding data for that item is displayed
in the contents pane. This provides quick access to the specific data that in question. Using the Print
Contents link in the upper right corner will print the current data in the contents pane to the chosen

printer.

| Series 5000

Print Contents...

Dizperzion Option:

keterological D ata:
Ayerage Wind Yelocity
Stack Height
kiming D epth
Air Dengity
Washout Factor

Depozition Y elozities:

Salids 0.001
Halogens nm
Maoble Gazes 1]
Cesim 0.0m
Ruthenium 0.0m

Drawramind Diztances:
Dramwrimind Dhztance 1

Leakage Decay Constants:
Setl Linear Conztant

Diffuzian Contral:

Building “width 1]
Building Height 1]

Figure 3-5. Contents Pane.

3.1.5 Adding a Series

Releaze will be modeled uzing Meteorological Data.

2 meterszecond

7B reters

380 meters

1.093E3 grams/cubic meter
1] literz/ zecond

Flurme Depletion by Dy Deposition ez

metersdsecond
meterszecond
metersdsecond
metersdzecond
meterszecond

JE3 reters

1 Exporential Cangtant

Program calculated standard dewiations of plume concentration

meters
meters

)

To add or append a new series to the file use the Add Series Menu (Figure 3-6) on the main window

and click the name of the desired series.

|.ﬁ.|:||:| a Series

vJ;l:-c|

/ zeneral 1 Reports °

Fizsion Produck [nventory Calculation

Direct B adionuclide [nput

Meteorological D ata |nput

|nternal/E sternal Dose Caloulation

Cloud Gamma Dogze Calculation

Figure 3-6. Add Series Menu.
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When the series name is clicked the main series window will appear with the series title window on
top of it (Figure 3-7).

%% 5000 Meteorological Data Input J;l@| |z|

Series Title: Enter meteorological data for first hour of release

Meteorological Data Series B000 Print Contents._..

£2 5000 Series Title

Pleaze enter a brief comment to help identify thiz Senes

!Enter meteorological data for first hour of release

Lontinue

Figure 3-7. Series Main Window with Title Input.

The series title is used to identify the series in the file summary on the main window to make future
editing sessions easier. Once the series title has been entered, the data entry screens will be shown in
sequence to allow input of the data for that series. When all the data has been entered for that series, the
series main window will be come active again allowing review of the data and the option to save or
discard the data.

To cancel data entry for a series click the X in the upper right corner of the current data entry screen
and click yes in response to the confirmation. The series main window will become active again allowing
the click of the cancel button.
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3.1.6 Editing a Series

To edit a series in the open file, use the file summary on the main window and double-click the series

to edit. The series main window will appear similar to Figure 3-8.

4% Meteorological Data Inpuk

Series Name: S5tandard Dispersion Conditions for Transport

=10l x|

Meteorological Data

Series Input

Print Contents...

Series Input
Digpersion Dption
Meteorological Data
Downwind Distances
Leakage Decay Constants
Diffusion Control
Plume Standard Deviation Control

Dizperzion Option:
Releasze will be modeled using Meteorologizal Data.

Meteorological D ata:

Average Wind Velocity 1. meters/second
Stack Height 0. rieters

Mixing D epth 400. meters

Air Dengity 1.099E3 grams/cubic meter
wiashout Factor 0 litersdzecond

Plumne Depletion by Diy Depositi-on Mo

Dowrwind Distances:

Dowrwind Distance 1 100. meters
Dowrwind Distance 2 500, meters
Downwind Distance 3 1000. meters
Downwind Distance 4 B000. mekers
Downwind Distance 5 10000, meters

Leakage Decay Constants:

Set Linear Constant 1. Exponential Conztant 0
Diffusion Contral:

Program calculated standard deviations of plume concentration

Building ‘width 0. meters

Building Height 0. meters

Plurne Standard Deviation Control:
Standard Deviation Set
Pazquill-Gifford
Weather Class
Slightly Stable
Plurne Rize Indicator
Mo program calculated Plume Rize
Plurne Meander: 0.

Edit I S E Close

Figure 3-8. Series Main Window in Edit Mode.

The series main window shows the data that was entered in for the series. To edit the data, click the
edit button and each data entry screen will be shown in sequence for editing. Once through the whole
series the data can be reviewed and saved or discarded. If the data is discarded the original data will

remain in the file.

To cancel the edit of a series click the X in the upper right corner of the current data entry screen and
click yes in response to the confirmation. The original data will then be reloaded into the series main

window.
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3.1.7 Run Results

The run results window (Figure 3-9) gives an explorer like view of the run output from RSAC
allowing the user to explore the results of several files at a time.

& Run Results - Example 07 Simulated Reactor Operation ICRP 72 Public Inhalation Dose.rsac

ated Reactor O

P ) Radiological Safety Analysis Computer Program (RSAC 7.0.0)
Figzion Product Calculation B B
Fission Product Calculation Name: Brad Schrader Company: Idaho National Laboratory Serial: 001-0001-0001
Dieclsdionucldeliaut Computer: INL413668 Run Date: 01/12/2009 Run Time: 09:51:51

Metearalogical D ata
Decay Calculation File: Example 07 Simulated Reactor Operation ICRP 72 Public Inhalation Dose rsac
Inhalation Dose Calculation
Doze Summary
“ Exzcution Time

Input

* Simulated Reactor Operation with Inhalation Dose Calculated Using ICRP 72
# ICRP 72 is the basis for the inhalation dose calculation.
#

#

# Reactor Operation for 100 MW days

1000

1001,1,0.,0.

1003,0.,1.00E+07,8640000.

1999

# Fractionation of Radionuclide Inventory

1000

1001,1,0.,0.

1004,-1,0.1,0.25,1.,0.1,0.1

1999

# Adding in the Beginning of Life Uranium Inventory in grams
2000,-1,1

U-233,100.

U-234,100.

U-235,10000.

U-238,1.e7

2999

# Standard Dispersion Conditions for Transport

1 | ]| s000,0 =l
Figure 3-9. Run Results Window.

Each file that was run with RSAC will appear as the top level item in the left navigation pane. The
file will be broken down into sections that are identified in the output, which will be the sub items under
the file. The item that is currently selected in the navigation pane is displayed in the right pane.

e To view the contents of the whole file click the top level item which has the same name as the file.
The whole contents of the file will then be displayed in the right pane. To view just one section of the
file click on the sections item in the navigation pane that is listed under the file.
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3.2 Series Data Entry

The following section steps through the data entry options available in each series to build an input
file for RSAC. If at anytime a comment button is active during series input, a comment screen is
available for use (Figure 3-10). Information can be cut and paste into the comment screen from any
windows based program or it can be directly typed into the form.

£ Comment Text

Add comments for Inventory Decay:

Close

Figure 3-10. Comment Entry.

3.21 1000 Series — Fission Product Inventory Calculation

Screen 1 - Input Type: The first data entry screen for the 1000 series is the Input Type
(Figure 3-11). Select the type of input to be generated. Only one type can be selected at a time. The
option chosen determines the sequence of screens that follow screen 1.

£% Input Type X|

Help

Input Type

{* Inventory Decay
i~ Reactor Dperation

i~ Fractionate Inventory

¢ Back [Eammemnt Hext >

Figure 3-11. Screen 1, Input Type.
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Screen 2A (Optional) - Inventory Decay: Shown only if Inventory Decay is chosen on screen 1.
Indicate the inventory decay time (Figure 3-12). You must have input an inventory previously for this to
function properly. A pull down menu is available to allow for a variety of input options.

£% Fission Product Inventory Calculation I ] P23

Sernes Name:

Series Data Series Input Print Contents. ..

Sernies Input

i Input Type Irput Type:
Inventory Decay

£3 Inventory Decay (Line 1003} ﬂ

Help

Inventory Decay

Radionuclide inventory decay time: IEl

Second(s]

< Back | Comment | Hext >

Edit S Cancel

Figure 3-12. Screen 2A (Optional), Inventory Decay.
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Next, notification of input completion for the 1000 series is given (Figure 3-13). Click the OK button

to end data entry for the series and review the data input.

i Inventory Decay (Line 1003) x|

Help

Inventory Decay

Hadionuchde inventory decay time: IEI ISecnnd[s] j

¢ Back | Comment | Hext >

i

i 3 This completes daka entry far the Fission Product Inventory Calculation Series,
Click the Save button to keep your work.,

Ik |

Figure 3-13. Input Completion Notification.

Screen 2B (Optional) - Reactor Operation: Shown only if Reactor Operation is selected on

screen 1, see Figure 3-14.

&% Criticality /Reactor Operation (Line 1003}

Help

Reactor shutdown time before this operation: |I:I ISecund[s] j
Reactor power for operation: ||:| IWatts j
Heactor operating time at above reactor power: ||:| ISECDHd[S] j

¢ Back | Comrment | MHext »

Figure 3-14. Screen 2B (Optional), Reactor Operation.
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Screen 3A - Release During Reactor Operation: Shown after optional screen 2B Reactor

Operation (Figure 3-15). If you respond YES, the Release During Fission Product screen will appear
next.

£4 Release During R x|

Help

Release During Reactor Operation

At thiz point you may enter information simulating fizzion product
releazes from reactor while in operation.

If thiz option 12 chozen. A choice will be given as to whether the
activity in or out of the reactor iz to be retained.

Do you wizh to uge thiz option? i~ Yez i+ Ho

¢ Back [Eommemt Hext >

Figure 3-15. Screen 3A, Release During Reactor Operation.
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Screen 4A - Release During Fission Product: On this screen (Figure 3-16), enter the inventory to
be retained for subsequent calculations. Specifically, supply the following:

e Number of reactor incremental release steps

e Radionuclide leak rate from the reactor for each of the following: solids, halogens, noble gases,
cesium, and ruthenium.

£ Release During R x|

Help
Release During Reactor Operation

Mumber of reactor incremental release steps: I [ Fange 1 to 100

— Inventory to be retained for subzequent calculations

{+ RBetain activity remaining in reactor

{~ Retain activity leaked from reactor

— Radionuclide leak rate from the reactor [fraction/z]

Solids: [0
Halogens: I'II:I—
Moble Gaszes: I‘IEI—
Cesium: |'||:|—
Ruthenium: |-||:|—

< Back | Comment Hext >

Figure 3-16. Screen 4A, Release During Fission Product.

Screen 2C (Optional) - Fractionate Inventory: Shown only if Fractionate Inventory is selected on
screen 1 (Figure 3-17). Select the option of what type of fractionation should be performed.

%3 Fractionation Type x|

Help
Fractionation Type

{+ Frachionation by groupi

" Fractionation iz by a constant

i~ Fractionation by element

< Back Eommemt Hext »

Figure 3-17. Screen 2C (Optional), Fractionate Inventory.
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Screen 3B (Optional) — Fractionation by Group: Shown only if Fractionation by group is selected
on the Fractionate Inventory screen 2C (Figure 3-18).

4% Fractionation Conktrol Information {Line 10 x|

Help

—Fractionation by Group

Enter Fractionations for:

Solids: IT
Halogens: IT
Moble Gazes: IT
Cesium: IT
Ruthenium: IT

¢ Back | Comrment Hext >

Figure 3-18. Screen 3B (Optional), Fractionation by Group.

Screen 3C(Optional) — Fractionation by Constant: Shown only if Fractionation is by a constant is
selected on the Fractionate Inventory screen 2 (Figure 3-19).

£% Fractionation Control Information (Line 110 x|

Help

Fractionation by Constant
|-|_|:| Fractionation for entire inventory
< Back Comment Hext >

Figure 3-19. Screen 3C (Optional), Fractionation by a Constant.
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Screen 3D (Optional) — Fractionation by Element: Shown only if Fractionation by element is
selected on the Fractionate Inventory screen 2C (Figure 3-20). Provide the fractionation for elements that

are not individual fractionated on the next screen.

£% Fractionation Control Information {Line 1004) x|

Help

Fractionation by Element

Fractionation for elements not individually fractionated: |-|_|:|

Fractionation by element [listed on next screen)

< Back Comrment | Hext »

Figure 3-20. Screen 3D (Optional), Fractionation by Element.
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Screen 4B - Element Fractionation Specification: This screen is where individual element
fractionations are specified (Figure 3-21). To enter a fractionation for an element use one of the
following methods. Use the <> and <|> to select the desired element in the list; scroll through the list
and select the desired element; type the symbol to quickly select the desired element. Then click the
Enter Fractionation button below the list or double-click the element to supply a value. Once the value
has been supplied click the OK button to accept the value or click the Cancel button to discard the
supplied value. Note: To supply the same fractionation to multiple elements hold the <shift> or <ctrl>
keys while selecting element then click the Enter Fractionation button. To discard a fractionation already
entered, select the element from the list and click the Clear Selected button.

x
Help
Element Fractionation Specification
=vmbol | f-\tumic#l Element Name | Fractionation |‘
AL 0ag actinium
A 047 silver
Al 013 alurninum
A 095 armericium
Ar 018 argan
AS 033 arsenic
At 0gs astatine
A 07s gold
Ba 056 bariurm
Ee on4 berdlium
Bi 083 bisrmuth
Bl 09z berkelium
Br 035 bromine
C 00g carbon
Ca 020 calcium
_d 04a cadmium
Ce 058 CEFUMm LI
Clear Selected Enter Fractionation |
¢ Back | Comrment | MHext »

Figure 3-21. Screen 4B, Element Fractionation Specification.
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3.2.2 2000 Series — Direct Radionuclide Input

Screen 1 - Series Title: Enter a brief comment about the 2000 Series that is being appended and
click on Continue (Figure 3-22). This comment is used to distinguish between series and can make future
editing sessions easier. This comment will also appear in the generated RSAC-7 input file.

i

Pleaze enter a name that will identify thiz Series

Continue

Figure 3-22. Screen 1, Series Title.

Screen 2 - Radionuclide Input Options: Use the mouse to select the appropriate option for your
problem (Figure 3-23).

£3% Radionuclide Input Options (Line 2000} ﬂ
Help
Radionuclide Input Options
~Input Option ~Units

i+ ‘Radionuclidez will be added to existing inventory_: (+ curie

{~ Exizting inventory iz changed to input values. " gram

i~ Previous inventory iz deleted. " Becquerel

< Back Comment Hext >

Figure 3-23. Screen 2, Radionuclide Input Options.

e First selection - Retain the previous radionuclide inventory and to add the inventory for the
radionuclides selected on the subsequent screens to the previous values.

e Second selection - Retain the previous radionuclide inventory and to change the inventory for the
radionuclides selected on the subsequent screens to the new values entered.

e Third selection — Initializes the inventory. You will be entering the radionuclide inventory and any
previous radionuclide inventory is deleted. If this option is selected the warning in Figure 3.26 is
displayed. It is very important to understand that if a 1000 series was used to generate a fission
product inventory previously, this option will delete the inventory from memory. Use this option
with caution.

e A new option in RSAC 7 is to allow input in various units. Make sure the appropriate unit of input is
selected.
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Rsac E|

L] "_n. W'arning any previous inventory will be deleted with this option.
L

Figure 3-24. Previous Inventory Deleted Warning.

Screen 3 - Direct Radionuclide Input: This screen (Figure 3-25) determines whether the

radionuclides will be selected and values input directly or if an external file will be used as the source for
radionuclide input.

Direct Radionuclide Input

An external file can be zpecified that contains the radionuchdes
and the unit content of each. If an external file iz not uzed.

then radionuchdes selected and their values will be entered on
the next screen.

Input Option

{* Radionuclides will be zelected on next screen

= An external file will be specified

¢ Back [Eammet Hext >

Figure 3-25. Screen 3, Direct Radionuclide Input.
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Screen 4A (Optional) - Radionuclide Curie Input: Shown only when Radionuclides will be
selected on next screen is chosen on screen 3. On this screen (Figure 3-26), select the radionuclide and
input the activity desired using one of the following methods. Use the <> and <|> to select the desired
radionuclide in the list; scroll through the list and select the desired radionuclide; type the symbol to
quickly select the desired radionuclide. Then click the Enter Curie button below the list or double-click
the radionuclide to supply a value. Once the value has been supplied click the OK button to accept the
value or click the Cancel button to discard the supplied value. Note: To supply the same Curie to
multiple radionuclides hold the <shift> or <ctrl> keys while selecting radionuclide then click the Enter
Curie button. To discard a Curie already entered, select the radionuclide from the list and click the Clear
Selected button. Note: if the selection mode changes from Curies to grams or Becquerel’s, the input
screen is basically the same other than the name on the enter key.

d 5* Radionuclide Input x|

Help
Radionuclide Input
I

=vmbol | Atomics | Massl otate | Curies |il
A 0a9 22h

A nag ey

A nag 228

Al 047 10k

Ag 047 10k 0y

Ag 047 108

Al 047 108 m

Al 047 1049 m

Al 047 110

Al 047 110 m

Al 047 111

Al 047 111 m

Al 047 112

Al 047 113

Al 047 113 i

Al 047 114 LI
Clear Selected | Enter Curie

¢ Back Comment | Hext >

Figure 3-26. Screen 4A (Optional) Radionuclide Curie Input.
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Screen 4B (Optional) - External File for Radionuclide Entry: Shown only when An external file
will be specified is chosen on screen 3 (Figure 3-27). Enter the name of the file that contains the list of
radionuclides and curie content. Use the Select File button to locate the file.

4% Radionuclide External File {Line 2002} x|

Help

—External File Selection

External File Hame:

Select File

¢ Back Comrment Hext >

Figure 3-27. Screen 4B (Optional), External File for Radionuclide Entry.

Screen 5 - Series Complete Notification: When finished with the data entry screens, you will be
notified that data entry is complete (Figure 3-28). Click OK to return to the series main window
(Figure 3.31) to review and save entered data.

x

i i This completes data entry For the Direck Radionuclide Inpuk Series,
Click the Save button to keep your work,

(]9 |

Figure 3-28. Screen 5, Series Complete Notification.
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3.2.3 3000 Series — Dose Summary Option

The dose summary option cannot be initialized until meteorological data (5000 Series) has been
entered. The initiation of the dose summary option is automatically performed. In addition, downwind

distances cannot be changed using subsequent 5000 Series input after the dose summary option has been

initiated.

The 3000 series is accessed by clicking on the Reports Tab (Figure 3-29).

|F'.|:I|:I a Seties - x|

¢ General ¥ Reports

D'oze Surmary O ptiorn

R adionuclide lnventory Decay for
Pkt

Figure 3-29. Reports Tab.

Screen 2 - Dose Summary Options: After the series title screen is dismissed the following
selections are available (Figure 3-30).

£% Dose Summary Optiol

Help
Dose Summary Options

The doze summary option iz automatically initiated when dispersion data is entered. The re-initiate option is used only when subsequent dose
calculations in thiz run are to be summed. Enter the type of dose summary wanted after all doze calculations to be zummed are entered.
~ Type of Dose Summary Calculation —Age at Intake
f* Summary of Dose by Pathway i~ 3 Months
= Summary of Dose by Pathway and R adionuclide = 1 Year
= Summary of Dose by Organ "~ bYears
= Summary of Dose by Organ and by Radionuclide 10 Years
{~ Contiibution to Effective Dose Equivalent i 15 Years
¢~ Contribution to Effective Dose Equivalent by Radionuclide i+ Adult
; Ezr_\ilr::z:;:::rt\h?§;Licg:12:fe§1?;:alent by Radionuclide and zorted by Doze  Adult worker. ICRP-68 model
L S " Acute inhalation dose
= ICRP-30 model
< Back Comment Hext »

Figure 3-30. Screen 2, Dose Summary Options.
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One or all of the options may be selected and may be selected for a specific age group.

Summary of Dose by Pathway - Summarizes the CEDE for each pathway and totals the dose.

Summary of Dose by Pathway and Radionuclide - Summarizes the CEDE for each radionuclide and
each pathway. It does not summarize for the plume gamma pathway.

Summary of Dose by Organ — Requires the selection of organs on optional screen 3 Click the organ
in the list to select it and click again to unselect the organ. An X will appear in the selected column to
indicate the organ is selected. If you click the Clear Selected button then all organs will be
unselected.

£ Organ Selection x|

Help
Organ Selection

—Organs

Organ | oelected [;
Adranals

Bladderwall

Bone Surface

Brain

Breast

Colon

Esophagus

Extrathoracic Airways

Kidneys

Liver

Lower Large Intesting Wall

Lungs

bMuscle hd

i

Clear Selected

< Back Comment | Hext >

Figure 3-31. Screen 3 (Optional), Organ Selection.

Summary of Dose by Organ and Radionuclide — Same as previous option but adds the radionuclides
to the summary. The organ selection optional screen 3 will be shown with a note that it is
summarized by organ and radionuclide

Summary of Dose from Contribution to Effective Dose Equivalent - this is a summary function that
shows in order of distance by pathway to EDE

Summary of Dose from Contribution to EDE and Radionuclide — Same as previous report sorted
alphabetical by radionuclide.

Summary of Dose from Contribution to EDE and Radionuclide Sorted by Dose — Same as previous
report except the order is from highest dose to lowest by radionuclide.

RSAC-7 3-24 March 2009



Using RSAC-7

3.24 5000 Series — Dispersion Control Input

Screen 2 - Dispersion Options: After the series title screen the Dispersion options screen is
displayed (Figure 3-32). Select the type of dispersion control desired and click on the next button.

%3 Dispersion Options {Line 5000} ﬂ

Help

Dispersion Options

f+ Release will be modeled uzing Meteorological Data_

" Release will be to a Building Boom.

¢ Back Comment Hext >

Figure 3-32. Screen 2, Dispersion Options.

e Option 1 - the release will be modeled using meteorological data.

e Option 2 - the release will be to a room. If this option is selected only the inhalation pathway can be
evaluated.
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Screen 3 (Optional) - General Meteorological Information: Shown only if option 1 was chosen on
screen 2. Enter the Meteorological Conditions and click on next (Figure 3-33). If questions arise on what
the inputs are or how the default values were chosen, move your cursor over the item in question and
right-click and click on Display Help. Select Help and the information will be displayed (Figure 3-34).

£% General Meteorological Information {Line 50013 5[

Help

General Meteorological Information

Average Wind Yelocity IMEtE[Sa"SECDHd j

Stack Height [m] [Range <= 200m] Typical stack heights are at least 2.5 times the building
height.

Mixing Depth [m] [Range <= 3000m, default = 400 m)

1

=
=
=

099E 3 Air Density [gfcu m) [Fange 5.EZ to 2E3, default = 1.033E3]

1

Washout Factor [I/s] [default =0]

Wit depogition zcavenging coeffizient [I/z]. Set egual to zero when no plume depletion by wet
depozition iz desired. This coefficient simulates rainout of the plume and will wery quickly deplete the
releaze. “alues for wet deposition scavenging coefficient range from 4.0 E-B ko 3.0 E-32"-1 with a
median value of 1.5 E-4. Awoid too large a walue to prevent plume overdepletion,

" Yez (v Mo Plume depletion by div deposition

¢ Back Comrment Hext >

Figure 3-33. Screen 3 (Optional), General Meteorological Information.

Mixing Depth:

The third selection is the mixing depth. This depth acts as an effective
ceiling ta the release. Mixing depths are difficultto determine. The default
value is 400 meters. Otherwalues are identified below.

Season Morning Afternoon
Spring 480 2330
Summer 260 2300
Autumn 330 1550
Winter 400 730
Annual 370 2090

Figure 3-34. Help Information.
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Screen 4 (Optional) — Dry Deposition Variables: This screen is only shown when YES has been
selected for Plume depletion by dry deposition on screen 3 (Figure 3-35). It is important to understand
that if you don’t request plume depletion the options for calculation of ingestion and ground surface dose
will not be available. If the RSAC-7 default variables are chosen the then Deposition Velocities will be
those defined in Figure 3-35.

£3 peposition Yelocities {Line S5002) ﬂ

Help

Deposition Velocities

Deposition Yelocity  [meters/second] [0 <= Range <= 0.5]

0,001 Golids

IEI.IJ‘I Halogens Depozition Yelocitiez are for the

ID— Noble Gases total activity deposited on both
the ground and plants.

0.0m Cesium
0.0m Ruthenmum

Comment Continue

Figure 3-35. Screen 4 (Optional), Dry Deposition Variables.
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Screen 5 - Downwind Distances: Enter one or more unique downwind distances (Figure 3-36). Ifa
duplicate distance is entered, you will be alerted and the field in error will automatically be highlighted.
Be careful when editing downwind distances because the direct input of %/Q values and the direct input of
standard deviations must correspond to downwind distances.

£3% Downwind Distances (Line 5101 +) ﬂ

Help

Downwind Distances

Pozition Downwind Distance [meters]

1 100,

Enter a maximum of eight downwind distances.
The valid range of downwind diztances iz 10
to 1.E+5 meters. Diffusion for distances less
than 1.E+2 m iz extrapolated.

o
=
[}

T

5000.

[Fress the enter key to add additional

10000. Drownwind Distances]

< Back Comment Hext >

Figure 3-36. Screen 5, Downwind Distances.
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Screen 6 - Leakage Decay Constants: Enter linear or exponential constants (s) (Figure 3-37). Up to
10 sets of constants can be entered. The leakage decay constants must be entered in sets of two.

&3 Leakage Decay Constants (Line 5201 +) El

Help
Leakage Decay Constants

G Linear Constants in Exponential Constant in
et Decay Function [I/2] Decay Function [1/z]

Up to 8 zetz of Leakage Decay
Constants may be entered

Uze leakage decay constants
to calculate the radionuclide
inventory decay before releasze
to the environment.

[Fress the enter key to add additional
Leakage Decay Sets]

B0 = M M & L k) =

T
T

< Back Comment Hext >

Figure 3-37. Screen 6, Leakage Decay Constants.
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Screen 7 - Crosswind Distance: Select Yes if you want to enter crosswind distances; otherwise,
select No (Figure 3-38). If yes is selected, the input fields will become active allowing up to 15
crosswind distances to be entered.

£8 Crosswind Distance {Line 5301 +) x|

Help

Crosswind distances are optional and are entered only if
desired. Up to 15 crosswind distances may be entered.

Are crozswind distances to be entered? 1 Yes (v Mo

=~ Crosswind Distance(s)

Crozswind distances are in meters

Mote:
Yalues output are for cloud gamma

|
|
| only
|
|

[Frezs the enter key to add additional
Crozzwind Diztances)

< Back Comment Hext >

Figure 3-38. Screen 7, Crosswind Distance.
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Screen 7 - Diffusion Coefficient Control: The following options are available for diffusion
coefficient control (Figure 3.52):

e Ifyou select option 1, then the Coefficient of Standard Deviation screen will appear next. Enter the
values for 6, and ,. Standard deviations must be entered in sets of two.

e Ifyou select option 2, then the Plume Standard Deviation Control screen will appear next. Enter the
type of sigma weather class and plume rise indicator on a sequence of input screens.

e Ifyou select option 3, then the Direct y/Q Input screen will appear next. Enter the y/QO associated
with the downwind distance.

Note: Building wake control is only available if stack height was equal to zero on screen 3 (Figure 3-39).

%% Diffusion Control {Line 5400) x|

Help

Diffusion Control

~ Type of Diffusion Definition

A set of standard deviations of plume concentrations will be entered for each downwind distance

i+ Program calculated standard deviations of plume concentration;

»= 100 meters - calculated
1 < 100 meters - extrapolated

" Chi/Q values will be input directly

~Building Wake Control

IEI. Building Width [meterz] [Option only when stack height = 0]
II:I, Building Height [meterz] [Option only when stack height = 0]
¢ Back Cormrnent Hext >

Figure 3-39. Screen 8, Diffusion Coefficient Control.
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Screen 10A (Optional) - Coefficient of Standard Deviation: Shown only if option 1 was chosen on
screen 9 (Figure 3-40).

£3 Coefficient of Standard Deviation {Line 5401+) X|
Help
~ Coefficient of Standard Deviation |
Downwind Distance [m] SigY [meters] SigZ [meterg]
100 ||— I—
500 I— I—
1000 I— I—
5000 I— I—
10000 I— I—

< Back Comment MHext >

Figure 3-40. Screen 10A (Optional), Coefficient of Standard Deviation.
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Screen 10B (Optional) - Plume Standard Deviation Control: Shown only if option 2 was chosen
on screen 9 (Figure 3-41).

NOTE: Weather class F Extremely Stable (Fumigation) is only available if stack height was equal to
zero on screen 3. Plume meander is a factor that allows for additional spreading of the plume. Also
known as a spreading ratio it is a factor greater than 1 that adjusts the calculated Chi/Q values to
account for very low wind speed spreading.

£% plume Standard Deviation Control {Line 54103 5'
Help
Plume Standard Deviation Control
— Plume Rise Indicator Type of Standard Deviation Set —
+ Mo program calculated plume rise; = Hillsmeier-Gifford [H-G]
i~ Jet Plume Rise = Markee
{"/ Buoyant Plume Rize t* Pazqill-Gifford [P-G]
—'WwWeather Clazs
= A Extremely Unstable
" B Moderately Unstable
{~ C Shghtly Unztable
" D Meutral
{* E Slightly Stable
{~ F Moderately Stable
" F Extremely Stable (Fumigation) [4yaiable if Stack Height > 0, and Mixing
Depth >= Stack Height [Line 5001])
{~ G Extremely Stable [allowed only for P-G standard deviations]
ID. Plume Meander  If zero, defaults to 1.
¢ Back Comrment Hext >
Figure 3-41. Screen 10B (Optional), Plume Standard Deviation Control.
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Screen 10C (Optional) - Direct Chi/Q Input: Shown only if option 3 was chosen on screen 9 (Figure
3-42).
3 Direct Chi/Q) Inpuk {(Line 5421) ﬂ

Help

Direct Chi{Q Input

Enter ChifQ walues for Downwind Distances

Dioze calculations uzing finite plume model, ground surface and
ingestionz are hiot allowed when Chidl i input directy.

—ChifQ Yalues

Downwind Distance [m] Direct Chi/Q Input
100
500
1000
5000
10000

I

¢ Back Comment Hext >

Figure 3-42. Screen 10C (Optional), Direct Chi/Q Input.

Screen 11A (Optional) - Jet Plume Rise Parameters: Shown only if Jet Plume Rise was chosen on
Plume Standard Deviation Control screen 10B (Figure 3-43).

£3 Jet Plume Rise Parameters (Line 5411} x|

Help
Jet Plume Rise Parameters

Internal Stack Diameter [meterz]

Restoration Acceleration [default = 8. 7E-4[="-2]
for a weak inversion, default = 1.75E-3[="-2] for a
strong inversion

Effluent velocity of gases from the stack [meters/zecond]

1 1]

< Back Conment Mext »

Figure 3-43. Screen 11A (Optional), Jet Plume Rise Parameters.
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Screen 11B (Optional) - Buoyant Plume Rise Parameters: Shown only if Buoyant Plume Rise was
chosen on Plume Standard Deviation Control screen 10B (Figure 3-44).

£3 Buoyant Plume Rise Parameters {Line 5411} El

Help
Buoyant Plume Rise Parameters

I Internal stack diameter [meters]

I Stack gases heat emizsions [cal/z] for bouyant plume rnise

< Back Comment Hext >

Figure 3-44. Screen 11B (Optional), Buoyant Plume Rise Parameters.

3.2.5 6000 Series — Radionuclide Inventory Decay and Printout
To append a new 6000 series in the current file click on the Reports tab (Figure 3-45).

&dd a Series

/ General ¥ Reporks

D'oze Surnmmary Opotiarn

Radionuclhide [nventory Decay far
Printot

Figure 3-45. Reports Tab.
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Screen 2 - Radionuclide Decay Control: This screen is shown after the series title screen for the
6000 series (Figure 3-46). In this data entry screen sequence you will be asked to provide the following
information:

e Ifall or selected radionuclide decay will be calculated
e Ifinventories are to be printed
e  Which units of measure

e Ifthe exponential leakage decay option is desired

%3 Radionuclide Decay Control {Line 6000) |

Help

Radionuclide Decay Control

—Radionuclides to be decayed

{+ All radionuclides in the library will be decayed:

{~ Only radionuclides that are selected on an upcoming screen will be decayed

~Inventory Printout Options

{* Mo individual radionuclide inventories are printed

r Print all fizsion products; and any activation products, actinides and daughters of actinides with positive
yalues

r Same az above option except suppress short-lived fizzion products which have no available dose
converzion factors

" Print inventory of radionuclides that have poszitive values at or following First decay time

—Units Exponential Leakage
{* Curies : a )
 MeVls (gamma only) {+ Mo exponential leakage corrections are included
" Grams {~ Comections for exponential leakage decay will be manually entered
" Becquerel
< Back Comment Hext >

Figure 3-46. Screen 2, Radionuclide Decay Control.
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Screen 3 (Optional) - Exponential Leakage Decay: Shown only if Corrections for exponential
leakage decay will be manually entered was chosen on screen 2 (Figure 3-47). Enter the decay time(s)
for the exponential decay function. After clicking next a prompt will appear asking if you want to change
the Leakage Decay constants (Figure 3-48). If the constants have been previously entered and do not
need to be changed, click on No to proceed; otherwise click Yes to change the Leakage Decay constants.

£3 Exponential Leakage Decay {(Line 6001} 5'

Help
Exponential Leakage Decay

IE Decay time for exponential decay function [zeconds]
[f 0, BSALC will default to program calculated time necceszsan to give
100% releaze. Maote howewer that only 1 zet of leakage decay constants
can be defined on the nest screen if the default is chozen.

¢ Back | Comrment | MHext >

Figure 3-47. Screen 3 (Optional), Exponential Leakage Decay.

x

Leakage Decay conskants have been entered previously, The option is now available to
enter a new set of leakage decay conskants that will overwrite the walues previously entered,
Should the leakage decay constants be changed?

Yes Mo

Figure 3-48. Leakage Decay Constants Prompt.
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Screen 4 (Optional) - Leakage Decay Constants: If Yes was chosen on the Leakage Decay
Constants Prompt then the screen in Figure 3-49 will be shown to enter linear and exponential constants
(s™7). Up to 8 sets of constants can be entered. After entering a set of constants, press the <enter> key to
allow entry of another set.

%% | eakage Decay Constants {(Line 6002 +) x

Help
Leakage Decay Constants

5 Linear Constants in Exponential Constant in
et Decay Function [I/s] Decay Function [I/z]

Up to 8 sets of Leakage Decay
Consztants may be entered

—
—_

LRI

Use leakage decay constants
to calculate the radionuclide
inventory decay before releaze
to the environment.

[Presz the enter key to add additional
Leakage Decay Setz]

ARNNNNNE

< Back Comment Hext >

Figure 3-49. Screen 4 (Optional), Leakage Decay Constants.
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Screen 5 (Optional) - Radionuclide Selection: Shown only if Only radionuclides that are selected
on an upcoming screen will be decayed was chosen on screen 2. On this screen (Figure 3-50), select the
radionuclide using one of the following methods. Scroll through the list and click on the desired
radionuclide; type the symbol to quickly select the desired radionuclide. To unselect a radionuclide click
it in the list a second time. To clear all selected, click the Clear Selected button.

£3 Element Summation {Line 6201 +)

I

Help
Element Summation

{Use the control key to make more than 1 selection)

—~Element Selection

Atomic# | Element Mame
A actinium
Al 047 silver
A 013 aluminurm
AT 095 americium
Ar 018 argan
AS 033 arsenic
At I}:1 astatine
Al 07y gold
Ba 05k bariurm
Be 004 berdlium
Bi 0a3 bismuth
Bk 097 berkelium
Br 035 bromine
c 0oe carkon
Ca 020 calcium |
Clear Selected
¢« Back Comrment | MHext >

Figure 3-50. Screen 5 (Optional), Radionuclide Selection.
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Screen 6 - Decay Times: The screen asks if you want to enter decay times directly (Figure 3-51). If
Yes is selected, the decay times input section will be enabled allowing input of decay times. A maximum
of eight decay times can be entered. However, when you want to see all of the output data on an
unshifted screen or printed on a standard 80-column page, enter a maximum of three decay times.

£ Decay Times (Line 6101 +) x|

Help

Decay Times

~Decay Times Option

Decay times may be entered directly. If not. decay
times established in the 5000 Series input will be used.
A single decay time of zero will print the inventory
currently in memory with no additional decay.

Do you wish to usze this option? " Yes

~Decay Times

Select Decay Time Unitz and then enter up to 8 values
ISE!l:l:nnl:I[s] "I Decay Time Unitz

[Frezs the enter key after each value to enable additional entriez]

< Back | Comment | Hext >

Figure 3-51. Screen 6, Decay Times.
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Screen 7 (Optional) - Summation Control: Shown only if All radionuclides in the library will be
decayed was chosen on screen 2. This screen (Figure 3-52) will determine if you would like a summation
of the radionuclide inventory by group (solids, halogens, noble gases, cesium, and ruthenium) and if the
radionuclide inventory should be summed by element.

£3 Summation Control {Line 6200) x|

Help
Summation Control

~ Group Summation Control

{* ‘Mo Group Summation or Printout

The fizzion product inventory for each group [zolids. halogens. noble
gaszes, cesium, and ruthenium iz summed and pninted

—Element Summation Control

i~ Mo element summation or printout

= The radionuclide inventory iz summed for each element zelected on
the next screen

< Back Commernt Hext >

Figure 3-52. Screen 7 (Optional), Summation Control.
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Screen 8 (Optional) - Element Summation: Shown only if The radionuclide inventory is summed
of each element selected on the next screen is chosen on screen 7. On this screen (Figure 3-53), select the
element using one of the following methods. Scroll through the list and click on the desired element; type
the symbol to quickly select the desired element. To unselect an element click it in the list a second time.
To clear all selected, click the Clear Selected button.

£3 Element Summation (Line 6201+) x|

Help
Element Summation

{Use the control key to make more than 1 selection)

—~Element Selection

Atomic# | Element Mame
AT actinium
A 047 silver
A 013 aluminurm
A 095 americiurm
Ar 018 argan
A 033 arsenic
At 0gs astatine
Al 07y gold
Ba 1115 barium
Be oo4 berlium
Bi 0aa hismuth
Bl 097 berkeliurm
Br 035 bromine
i 00& carbon
Ca 0en calcium |
Clear Selected
< Back Comment | Mext >

Figure 3-53. Screen 8 (Optional), Element Summation.
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3.2.6 7000 Series — Internal/External Dose Calculation

Screen 2 - Dose Control Selection: After the series title screen the Dose Control Calculation screen
is displayed (Figure 3-54). In this data entry screen you will be asked to provide select the type of dose
calculation or risk evaluation in accordance with Federal Guidance Report 13.

%3 Calculation Type (Line 700 x|

Help

Calculation Type

Type of Calculation

{* Internal/External Dose
= Mortality Risk

{~ Morbidity Risk

" Resuzpended Activity

< Back [Cammmemnt Hext >

Figure 3-54. Dose Selection Screen.
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Based on the type of calculation chosen, a different screen sequence will be presented.
e Type of dose calculation — Internal/External
e Amount of printed output
e Dose unit
o [fall elements are to be used in the calculation

e Ifall organs are to be included in the dose calculation

£3 Dose Calculation Control {Line 7000} x|

Help

Dose Calculation Control

~ Type of Dose Calculation

o

dnhalation, program default transfer parameters

{~ Inhalation. transfer parameterz to be entered on later screen
" Ingestion, default to program calculated ransfer parameters
{" Ingestion, transfer parameters to be entered on later screen
-
-

Ground Surface
Air immersion

— Output Control for Dose —Dose Unit
{* Only dose summary table by organ {* rem
{~ Only total organ dozes " Sy

" Above plus doses for each element
{~ Above pluz doses for each radionuclide
"~ Above pluz dose summary table by organ

—Elements for Calculation —0Organ choice
f+ All elements f+ All organs
" Elements will be zelected {~ Organs will be zelected
¢ Back Comrment Hext >

Figure 3-55. Screen 2, Dose Control Calculation.
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Screen 3A (Optional) - Inhalation Dose Control: Shown only when option 1, 2, 7, or 8 is chosen
for the Type of Dose Calculation on screen 2. Enter the breathing rate (m*/s) and decay time (s) for
exponential decay function (Figure 3-56).

£3% Age at Intake {Line 7000) x|

Help

Age at Intake

Member of the Public ICRP-72 {1 micron AMAD])
All Ages

3 Months

1 Year

5 Years

10 Years

15 Years

Adult

10 N N N N N N

Adult worker inhalation doze ICAP-68 [5 micron AMAD]
1-day acute inhalation dose
ICRP-20 model

i N N

¢ Back | [Eommemt |

ta) Inhalation Dose Lontro ne fud X|

Help
Inhalation Dose Control

Breathing rate for inhalation calculations [m™3/s]

[f 0, BSALC defaulks ta program calculated time neceszary b give
100% releazes. [Exposure Time in seconds for a release to a room]

||:| Decay Time for exponential decay function [zeconds]
I‘I

Respirable Fraction

¢ Back Commernt Hext >

Figure 3-56. Screen 3A (Optional), Inhalation Dose Control.
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Screen 4A (Optional) - Inhalation Parameters Dose Calculation: Shown only if option 2 or 8 is
chosen for the Type of Dose Calculation on screen 2. Enter activity median aerodynamic diameter
(AMAD) (p) and whether default lung clearance classes are to be used (Figure 3-57). If user input of
lung clearance classes is chosen, the Clearance Class Entry screen will appear next.

%3 Inhalation Parameters Dose Calculation {Line x|
Help
Inhalation Parameters
—AMAD

||:| Achivity median aerodynamic diameter [micron)

range = 0 or >= 0.1 micron [If O, defaults ta 1].
Yalues are rounded to 1 place of accuracy.

~Absorption Type Selection

e Default to program-generated types for oxides and
hydroxides

e Abzorption tpypes will be modified. Unchanged types
default to thoze for oxides and hydroxides

o iDefault to program-generated types selected to give
‘maximum element dosze

Abszorption typez will be modified. Unchanged types
i~ default to those selected to give maximum element
doze

¢ Back Comrment Hext >

Figure 3-57. Screen 4A (Optional), Inhalation Parameters Dose Calculation.
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Screen 5A (Optional) — Absorption Type Entry: Shown only if option 2 or 4 is chosen for
Absorption Type Entry on screen 4A (Figure 3-58). Scroll through the list and click on the desired
element. A pop-up screen will appear showing the valid lung clearance classes for the chosen element.
Select the desired lung clearance class and click on Continue.

%0 Absorpbion Type Enkry (Ling f( x
Help

Absorption Type Entry

svmbol Atn:nmin:#l Element | Default Type | Defined Twpea -

A nag actinium Sl

A 047 silver Slow

A 03 aluminurm hModerate

AT 095 armericium boderate

At 018 argon

A5 033 arsenic boderate

At na5 astatine bModerate

Al 074 gold o

Ba 056 bariurm Fast

Be nn4 berdlium =l

Bi na3 bismuth hModerate

Bl na? berkeliurm hModerate

Br 035 brarmine Fast

C N0k carbhon hModerate

Ca 020 calcium hModerate

Cd 043 cadmium Slow =l
¢ Back Comrment Hext >

£3 phsorption Type Selection x|| Save

—Absorption types for element bismuth {Bi)

i~ Fast
* Moderate

B E

The default type is highlighted

Figure 3-58. Screen 5A (Optional), Clearance Class Entry.
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Mortality Risk Calculation- Shown when mortality risk is selected on the opening screen.

£4 Dose Calculation Co x|

Help
Dose Calculation Control

~ Type of Dose Calculation

{* Mortality rizk - Inhalation, program default transfer parameters
{~ Mortality rizk - Inhalation, transfer parameters to be entered on later screen
" Mortality rizk - Ingestion, default ko program calculated ransfer parameters
= Mortality risk - Ingestion, transfer parameters to be entered on later screen
= Mortality risk - Ground Surface
= Mortality risk - Air immersion

— Output Control for Dose ~Dose Unit
{* Only dose summary table by organ {+ rem
= Only total organ doses " Sy

i~ Above plus dosez for each element
i~ Above plus dosez for each radionuclide
i~ Above pluz dose summary table by organ

—Elements for Calculation —Organ choice
+ All elements + All organs
= Elements will be selected = Organs will be zelected
¢ Back Comment Hext >

All optional screens for inhalation/ingestion transfer parameters and output control are generated and
controlled the same as for dose calculation. The primary difference is that summary output controls are
specific to the risk calculation function and should be calculated separate from a dose calculation.
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Morbidity Risk Calculation- Shown when mortality risk is selected on the opening screen.

£% Dose Calculation Control {Line 7000 E[

Help

Dose Calculation Control

- Type of Dose Calculation

{+ Morbidity nzk - Inhalation, program default tranzfer parameters:
" Morbidity rizk - Inhalation, transfer parameters to be entered on later screen
= Morbidity rizk - Ingestion, default ko program calculated transfer parameters
" Morbidity rizk - Ingestion, tranzfer parameters to be entered on later screen
) Morbidity nizk - Ground Surface
) Morbidity rizk - Air, immersion

~ Output Control for Dose ~Dose Unit
{* Only dose summary table by organ {* rem
= Only total organ doses " Sy

= Above pluz dosez for each element
= Above plus dosez for each radionuclide
i~ Above plus dose summary table by organ

~Elements for Calculation ~Organ choice
* All elements + All organs
{~ Elements will be zelected {~ Organz will be zelected
¢ Back Comment Hext >
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Screen 6 (Optional) - Resuspension of Activity: Only shown if option 7 or 8 is chosen for Type of
Dose Calculation on screen 2 (Figure 3-59).

&% Dose Calculation Control (Line 70000

%

Help
Dose Calculation Control

~ Type of Dose Calculation

{* ‘BA - Inhalation, program default tranzfer parameters:
i~ BA - Inhalation, transfer parameters to be entered on later screen
" BA - Ingestion, default to program calculated ransfer parameters
" BA - Ingestion, transfer parameters to be entered| on later screen
= BA - Ground Surface
= BA - Air immersion

— Output Control for Dose ~Dose Unit
{* Only dose summary table by organ {* rem
{~ Only total organ doses  Sv

" Above pluz dozes for each element
{~ Above pluz dozes for each radionuclide
{~ Above pluz dose summary table by organ

—Elements for Calculation —Organ choice
i+ All elements + All organs
{~ Elements will be zelected {~ Organs will be zelected
¢ Back Comrment Hext >

Figure 3-59. Screen 6 (Optional), Resuspension of Activity.
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Screen 3B (Optional) - Ingestion Dose Parameters: Shown only if option 3 or 4 is chosen for Type
of Dose Calculation on screen 2 (Figure 3-60). Enter decay time (s) for exponential decay function and
the plant midpoint of operating life (y).

£4 pge at Intake (Line 7000} x|

Help

Member of the Public ICRP-72 {1 micron AMAD)
All Ages

3 Monthsz

1 Year

b Years

10 Years

15 Years

Adult

e lie Nie N Nie i

Adult worker inhalation doze ICHEP-68 [& micron AMAD]
1-day acute inhalation doze
ICRP-30 model

o N Ny

< Back | Eommemt |

£3 Ingestion Dose Parameters {Line 7001} x|

Help |

IE Decay Time for exponential decay function [zeconds]

[f0, RSAC defaults to program calculated time neceszan to
give 100% releazes

|-|5 TB - Plant mid point of operating life [vr]

< Back Comment Hext >

Figure 3-60. Screen 3B (Optional) - Ingestion Dose Parameters.
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Screen 4B (Optional) - Ingestion Dose Control: Shown only if option 4 is chosen for Type of Dose
Calculation on screen 2 (Figure 3-61). Use this sequence of screens to choose whether to use default
ingestion transfer parameters; whether the release is chronic, acute, or if ingestion parameters are to be
user entered; the time period crops are exposed to contamination during the growing season when the
release is not chronic; and the harvest duration period following the end of an acute release period. When
you select to enter ingestion parameters, a series of screens will appear that contain the RSAC-7 default
ingestion parameters.

£3 Ingestion Dose Control {Li x|

Help
Ingestion Dose Control
—Ingestion Transfer Farameter———— - Ingestion Calculation Control
f* Program default transfer parameters uzed = Chronic releaze with program default
parameters
e F‘mgra_m default transfer parameterz uzed o~ Acute release with program default
and printed out parameters
e Ingestion ransfer parameters read from e Ingestion parameters will be entered
external file ‘“TRANCON® on next screen
—Crop Information
||:| Time penod that crops are expozed to contamination following the end of the acute

releasze [days]
Time must be between 0.047167 day [1 howr] and B0 dayz

7 Harvest duration penod following the end of the acute releasze [dayz]
Time must be between 0 and B0 days [default, 7 days]

< Back Comment MHext >

Figure 3-61. Screen 4B (Optional), Ingestion Dose Control.
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Screen 5B (Optional) - Ingestion Dose Constants: Shown only if Ingestion parameters will be
entered on next screen is chosen on screen 4B (Figures 3-62, 3-63, 3-64, 3-65, and 3-66). Note: All tabs
will need to be reviewed before continuing.

£3 Ingestion Dose Constants {Line 7051 +) ll

Help
Ingestion Dose Constants

Usage Constants T Fetention Congtants T Figld Factors T Forage Constants T Acute Modifiers

Stored vegetable usage factor [kgfyr wet weight]
Fresh vegetable uzage factor [kg/yr wet weight]

Meat uzage factor [kgfyr wet weight]

Milk uzage factor [litersfyr]
Fraction of stored vegetablez from garden

Fraction of fresh vegetables from garden

0.76
|1
Comrment |

¢ Back Cammert Hext >

Figure 3-62. Screen 5B (Optional), Usage Constants Tab.
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£3 Ingestion Dose Constants (Line 7051 +) ﬂ

Help
Ingestion Dose Constants

|1zage Conztants T Retention EunstantsT Field Factors T Forage Constants T Acute Modifiers

Retention factor for activity on forage

Retention factor for activity on vegetables

Retention Factor for iodines on forage

0021 Hemoval rate constant for crops [1/hr]

Yegetable expozure time to plume for chronic releaze [days]
Forage expozure time to plume for chronic releaze [days]

HTO remowal half time [days]

i 177777

< Back [Eammment Mext >

Figure 3-63. Screen 5B (Optional), Retention Constants Tab.
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£3 Ingestion Dose Constants (Line 7051 +) il

Help
Ingestion Dose Constants

Ilzage Conztants T Retention Constants T Field Factors T Forage Constants T Acute Modifiers

Effective surface density for soil [(kg/m™2]

Stored vegetable holdup time after harvest [dayz]
Frezh vegetable holdup time after harvest [days]
Animalz daily forage feed [kg/day diy weight)
Feed-milk receptor transfer time [days]

Slaughter to consumption time [days]

Comrment

IS

< Back [Eammrment Hext >

Figure 3-64. Screen 5B (Optional), Field Factors Tab.
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£3 Ingestion Dose Constants (Line 7051 +) ﬂ

Help
Ingestion Dose Constants

IUzage Constants T Retention Constants T Field Factors T Forage Constants T Acute Modifiers

Fraction of year that animalz graze
Fraction of feed that iz pasture when animal grazes on pasture
0 Stored feed holdup time [days])

Yegetable vegetation yield [kg/m™2 wet weight]

Abszolute humidity [g/m”™3]

Im—
043
IEI—
|2—
W Forage vegetation yield [kg/m™2 dry weight]
|4E|—
Camrment |

< Back [Eomment MHext >

Figure 3-65. Screen 5B (Optional), Forage Constants Tab.
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| £3 Ingestion Dose Constants {Line 7051 +)

Help

Ingestion Dose Constants

x|

|lzage Constants T Fetention Constants T Field Factors T Forage Constants T Acute Modifiers

67

i

Fraction of annual stored vegetables that are contaminated by acute releaze
Fraction of annual frezh vegetables that are contaminated by acute release
Fraction of annual stored forage that iz contaminated by acute releaze

Fraction of annual frezh forage that iz contaminated by acute releazse

Comrment |

< Back [Cammnmemt

MHext >

Figure 3-66. Screen 5B (Optional), Acute Modifiers.
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Screen 3C (Optional) - Ground Surface Dose Parameters: Shown only if option 5 is chosen for
Type of Dose Calculation on screen 2. Enter the decay time (s) for exponential calculations, exposure
time of the receptor to contaminated ground surface, and the building shielding factor (Figure 3-67).

£3% Ground Surface Dose Parameters {Line 7001} x|

Help
Ground Surdace Dose Parameters

IE Decay Time for exponenhtial decay function [seconds]

IF 0, RSAC defaultz to program calculated time neceszary to
aive 100% releazes

|-| TB - The time [pr] that the receptor 1z expozed to the
contaminated ground zurface following initiation of the release

[f >0 and <1, a warning will be pozted by RSAC stating that an
exposure penod of less than 1 vear has been chosen.

ID_}' Building shielding factor for ground surface calculations

|1 Occupancy Factor

< Back Comment Hext >

Figure 3-67. Screen 3C (Optional), Ground Surface Dose Parameters.

Screen 3D (Optional) - Air Immersion Dose Parameters: Shown only if option 6 is chosen for
Type of Dose Calculation on screen 2. Enter decay time (s) for exponential decay functions (Figure
3-68).

£3 Air Immersion Dose Parameters {Line 7001} x|

Help

Air Immersion Dose Parameters

Im Decay Time for exponenhtial decay function [seconds]

[F 0, RSAC defaultz ko program calculated bime necessary o
aive 100% releazes

¢ Back Comrment Hext >

Figure 3-68. Screen 3D (Optional), Air Immersion Dose Parameters.
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Screen (Optional) - Internal/External Organ Selection: Shown only if Organs will be listed on a
upcoming screen is chosen on screen 2. On this screen (Figure 3-69), select the organ using one of the
following methods. Scroll through the list and click on the desired organ; type the organ name to quickly
select the desired organ. To unselect an organ click it in the list a second time. To clear all selected, click
the Clear Selected button.

#3 Internal/Exteranal Organ Selection {Line 7002} x|

Help

Internal/Exteranal Organ Selection

Lunc
Stormach Wall
small Intestine Wall
Upper Large Intestine Wall
Lower Large Intestine Wall
Testes

Breast

Bone Surface

Fed tarrow

Thyroid

Kidneys

Liver

Spleen

Pancreas

buscle

Skin

BErain ﬂ

Clear Selected

< Back Comment | Hext >

Figure 3-69. Screen (Optional), Internal/External Organ Selection.
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Screen (Optional) - Element Selection: Shown only if Elements will be listed on a upcoming screen
is chosen on screen 2. On this screen (Figure 3-70), select the element using one of the following
methods. Scroll through the list and click on the desired element; type the symbol to quickly select the
desired element. To unselect an element click it in the list a second time. To clear all selected, click the
Clear Selected button.

£3 Element Selection (Line 7081 +) x|

Help
Element Selection

A 047 sikver (I
A 013 alurminurm
A 095 armerncium
Ar 018 argan
A 033 arsenic
At 085 astatine
A 07y gold
Ba 05k biariurm
Be 004 berdlium
Bi 0a3 bismuth
Bl 097 berkelium
Br 035 bromine
Z 006 carbon
Ca 0ea calcium hd
Clear Selected
< Back Comment | Hext >

Figure 3-70. Screen (Optional), Element Selection.
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3.2.7 9000 Series — Cloud Gamma Dose Calculation

Screen 2 - Cloud Gamma Dose Calculation: After the series title screen the cloud gamma does
calculation screen appear asking whether calculations are to be made using the finite or semi-infinite
plume model (Figure 3-71). By checking which calculation should be used the inputs for the exponential
decay function will be enabled.

%3 Cloud Gamma Dose Calculation (Line 90003 x|

Help

Cloud Gamma Dose Calculation

—Cloud Gamma Model Selection

[ iCalculations are made using the Finite Model;

[T Calculations are made uzing the Semi-infinite Model

~Decay Time

Decay time for exponential decay function [secondsz]

[0, RSALC defaults to program calculated time neceszany to give
100% releazes

||:| Finite Model
||:| Semi-infinite Model

¢ Back | Comrment Hext >

Figure 3-71. Screen 2, Cloud Gamma Dose Control.

3.3 Critdos Subroutine

CRITDOS calculates the prompt neutron doses using the Nuclear Regulatory Commission (NRC)
Regulatory Guide 3.33 (RG 3.33) equations. Both unshielded and shielded direct doses are calculated
based on the total fission yield of the postulated criticality, the distance from the criticality to the receptor,
equivalent concrete thickness of the shield, and the system being analyzed (i.e., neutron escape fraction
based on the system size).

The gamma and neutron attenuation factors given in RG 3.33 vary according to the thickness of the
concrete. That is, the first few inches of concrete are not as effective at attenuating radiation as the
remaining thickness of concrete. Equations have been derived and put into CRITDOS that take this into
account. In addition, the equations for concrete shielding that is less than 12 in. thick have been modified
to make them more realistic (i.e., best estimate rather than conservative).

The equations for calculating a dose, in rem, from NRC Regulatory Guide 3.33 (RG 3.33) are based
on 10% of the neutrons escaping from the system. The equations in CRITDOS have been modified to
allow the user two additional options for neutron escaping from the system. In addition to the 0.10 escape
fraction, which is representative of a large moderated system, the user can choose a moderated system
with an escape fraction of 0.30 or a small unreflected metal system with an escape fraction of 0.70.
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To run the Critdos subroutine click on the Critdos tab and click the Launch Critdos link (Figure
3-72).

|P.|:||:|Ii|:al:i|:uns - 1 K|
= Direct Badiation Criticality Dose

s Jaoint Frequency Metearaloqical
Conditionz

Figure 3-72. Applications Tab.

Screen 1 - Data Input: Use this screen to supply the following information (Figure 3-73): Title that
will appear on each page of output; The total fissions; Distance in feet; Concrete thickness in inches; and
the system type.

3 CritDos i ]
~Critdos Input q
(R]y]
Title: || —
Exit

Total Fiszions: I
Diztance [ft.]: I
Concrete Thickness [in.]): ||:|

—System Type [Heutron Fraction]

£ Unreflected [0.7]
" Moderated [0.3]
& Large Moderated [0.1]

Figure 3-73. Screen 1, Data Input.
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Screen 2 - Program Output: Displays the output results from Critdos (Figure 3-74).

#3 This is a test run for 1E19 - Dutput - O] x|
Print... Cloze

Title: This is a test run for 1E19 ;I
Fun Date: 1/12/z009 CRITDOS - VWersion 2.6.0

Total Fissions = 1.00E+19

Distance [(ft) = 1.00E+01

Concrete Thickness (in.) = 2.00E+00

Neutron Fraction = 1.00E-01

Heutron Cartns Total

Tnshielded Dose, Rem T7.42E+04 Z2.Z24E+04 O.65E+04

Zhielded Dose, Rem T7.42E+04 Z2.Z24E+04 O.65E+04

Garmmwa Attenuation = 1.00E400

MNeutron Attenuation = 1.00E400

=

e — ———— T T CFCLRNT LR Lk T F NCF P Cr i CF N a i P e R

Figure 3-74. Screen 2, Program Output.

3.4 MetCond Subroutine

The metcond subroutine uses a joint frequency distribution to define the meteorlogical conditions where
normalized concentrations (X/Q) are exceeded no more than 5% and 50% of the time. The metcond
subroutine defines this condition on data as summarized by the National Weather Service (NWS)
meteorological data, CD-144 format. The input is a joint frequency distribution of 6 windspeeds, 16 wind
directions and 6 stability categories (Pasquill - Gifford: A through F) for the station and time period
desired. The computational program is written in FORTRAN, and the user interface is

written in VisualBasic for DOS.

The joint frequency data for a significant number of locations has been provided integral to the software.

If your specific location is not available the data is available from the NWS and can be directly added to
the library.
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Joint Frequency Meteorological Conditions

A description of the facility and its reason for selection is placed in the top frame. This program
reads standard STAR data obtainable from most airports and consists of a reduction of hourly readings to
a form that can be evaluated in a joint frequency model. The output is a metorlogical stability class and
wind speed that represents the conditions where 95% of the time will result in lower dose to a receptor.

%3 Meteorological Conditions =10 x|

Diezcrption:

& description of the facility and its location iz zelected here]

SR

[rput File:

AL BIRMINGHAM. str

AL HUNTSVILLE str
AL_MOBILE st
AL_MONTGOMERY. str
AF_ELDORADN. 3t
AP_LITTLE_ROCK. st

AP TERARKAME, str

AZ PHOENI, str

A7 _PRESCOTT.str
AZ_WINSLOW. str

A7 YURMA. st

i FRESNO. st
Cé_HOLLY'WODD_BURBANEK. st
Cé_LONG_BEACH st
CA_LOS_AMGELES str
Cé_OAKLAMD. st
Cé_RED_BLUFF st
Cé_SACAAMENTO sty
Cé_SANTA BARBARA str
Cé_SANTA MARLS str
Cé_SAN_DIEGO.sh

i SAN_FRANCISCO sty
Ca_TRAVIS sir

Cé_ TUSTIM st
Cé_LIKIAH. st
CO_ALAMOSA, st hd

A joint frequency table is generated as shown below
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SUMMARY TABLE

5C

[

TCTATL

1.04

0.11610

0.00000

0.00000

1.000

2.46
0.00488

0.02166

0.029598

0.06103

0.13Ta5

0.00000

0.00000

From that data two points of interest are reported

RSAC-7

WINDSPEED
4.47 6.93
0.00000 0.00000
0.00972 0.00000
0.0400%9 0.00837
0.11%962 0.17756
0.0659% 0.00000
0.00000 0.00000
0.00000 0.00000

3-65

(m/=s)

S.81
0.00000

0.00000
0.00187
0.07013
0.00000
0.00000

0.00000

13.851

0

0

. 00000

. 00000

. 00058

02500

. 00000

. 00000

00000

March 2009



Using RSAC-7

S50TH PERCENTILE OCCURS IN STABLILTY CLASS C, 2.46 m/s WINDSFEED

95TH PERCENTILE TAEBLE WINDSPFEED (m/s)

SC 1.04 2.46 4.47 6.93 9.6l 1z2.91
A 0.01217 oO.00488 O©0.00000 O0.00000 O.00000 O.00000

[wi}
[}

.0382% 0.0216e O.00872 O0.00000 O.00000 O.00000
C 0.015%%1 0.029%8 0.0400% 0.005%37 0.00187 O0.00058
D 0.02847 0.06103F 0.115%62 0.177536 0.07013 0.02500
E 0.0e603 0.137e> 0.0659%2 0.00000 ©.00000 O.00000
F 0.00000 O0.00000 O.00000 0.00000 ©0.00000 O.00000

] 0.00000 O.00000 O.00000 O0.00000 ©O.00000 O.00000

95TH PERCENTILE CQCCURS IN STABLILTY CLASS E, 1.04 mf/= WINDSFEED
THE TAEBLE CAN EE USED TWOC WAXS.

FIRST - ASSUME 100% OF THE RELEASE IS5 THAT MET/STABILITY CLASS
FCR EITHER 50th OR 895th PERCENTILE CCHDITICHNS
WHICHEVER 15 APPICALBLE.

SECOND - CALCULATE & DOSE CONSEQUENCE FOR E&ACH OF THE CONDITICNS
THEN MULTIPLY THE VALUES OF THE TABLE BY THE EESULTS OF THE
APPROPRIATE MET/STABILITY CLASS PERCENTAGE. 5UM THE VALUES
TC GEWNERATE A DOSE CONSEQUENCE FOR A 95% JOINT FEEQUENCY TABLE

THE MOST COMSERVATIVE METHCOD IS5 TO ASSUME 100% OF THE RELEASE AT
THE 55% CONDITICHS. EITHER WaY CAN BE DIRECTLY INPUT INTC RSACT.
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4. Reading the RSAC-7 INPUT File

41 RSAC-7 Input
A typical RSAC-7 input line includes

p word 1, integer, line number

p word 2, integer

P  word 3, real number, 4.92 x 10°

p word 4, real number, 12.2

p word 5, real number, 0.5

L

p  at least 1 blank space before *

. Optional * terminates data

input and initiates a comment
on the remainder of the line

L 4 L J k 4 LA

5400,1,4.92+3,12.2,.5 *YOUR COMMENT ON LINE

Other variations of this same line include
5400, 1, 4.92E3, 12.2, 5.E-1 *YOUR COMMENT ON LINE

5400 1 492+4 1.22E+1 5.-1 *YOUR COMMENT ON LINE

You can use a comma or a blank space as delimiters between entries. Each integer or real number
entry is referred to as a “word.” The first word of every line is referred to as the “line number,” which is
used to check input sequences.

As shown in the third word of the last variation above (492+4), when a real number does not contain
a decimal point, the decimal point is assumed to appear before the first digit. However, you are
encouraged to place a decimal point in real numbers. The following RSAC-7 input descriptions assume
that all words are real numbers unless otherwise noted. Changes from RSAC-6 to RSAC-7 are noted in
red.

The input descriptions in this section include word, program name, entry, and description
information. The word column presents the location of the entry. The program name column identifies
the name given to the variable in the source program and is not input on a line. The entry and description
columns provide the entry numbers or type of entry and their corresponding descriptions.

To insert a comment line, type a # sign in the first column. There is no limit to the number of
comment lines you can insert. Comment lines are printed in the RSAC-7 ASCII input file and appear in
the list of input printed at the beginning of each output file.

The example runs in Section 5 will help you learn how to prepare ASCII input for the RSAC-7
program.
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4.2 Calculation Title Line

Column Entry
1 *
2-72 Page heading (alphanumeric)

RSAC-7 ignores all lines of input until it reads a line that contains an asterisk in column 1. This
allows the program to start the next problem if an error is found in the input. If output is not received
from an RSAC-7 run, check to see if a line contains an asterisk in column 1.
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421 1000 Series — Fission Product Inventory Calculation and Inventory Decay

Use a Fission Product Calculation and Inventory Decay Control Line (1000) to initiate fission
product inventory calculations or inventory decay calculations of a directly input radionuclide inventory.
Input the following lines to describe the reactor operating history and the fractionation of the fission
product inventory. This calculation generates a fission product inventory only. It does not calculate the
actinides available for release. These should be directly input using a 2000 series and may be added to
the calculated fission product inventory. If subsequent decay is required, an additional 1000 series should
be used to calculate the decay of inventory. The 6000 series does not calculate a decayed inventory for
subsequent release. It will only decay the inventory for printout purposes.

4.2.1.1 Fission Product Inventory Calculation and Inventory Decay Control Line (1000)

Variable
Word Name Entry Description

1 1000

4.2.1.2  Inventory Control/Initial Reactor Data Line (1001)

The required Inventory Control/Initial Reactor Data Line (1001) must immediately follow the Fission
Product Inventory Calculation and Inventory Decay Control Line (1000). Use the control word on this
line to indicate whether you are

a) calculating a new fission product inventory (actinides are not calculated) or
b) modifying a previously calculated radionuclide inventory.

If you want to calculate a new fission product inventory, enter the reactor power, and operating time
on this line. The next line may be a Refueling Line (1002), Decay/Cycle Line (1003), or Fractionation
Line (1004) to modify the release calculation.

If you are modifying a directly input radionuclide inventory, the remaining words on this line are
ignored (but must be present) and the next line must be a Refueling Line (1002), Decay/Cycle Line
(1003), or Fractionation Line (1004).

Variable
Word _Name Entry Description
1 1001
2 Integer  Control word:
0 Calculations start with no previous radionuclide inventory.
1 Previous radionuclide inventory is retained and the next line

must be a Refueling Line (1002), Decay/Cycle Line (1003), or
Fractionation Line (1004). The values for the remaining words
on this line are ignored; however, values for each of the
following words must be present.
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Variable

Word _Name Entry Description

3 POWER Reactor power (W) or 0.0 if word 2 =1
If megawatt days (MWd) of an operating cycle are known use
the following conversion to generate the inputs for words 3 and
4.
If operating power and MWd are known:
8.64 E10 W-s/MWd, then divide through by the average power
(W) for the cycle, and the resultant will give the reactor
operating time in seconds.
If operating time and MWd are known:
8.64 E10 W-s/MWd, then divide through by the operating time
(seconds) for the cycle, and the resultant will give an average
reactor power in watts.

4 TROP Reactor operating time at the above power (s) or 0.0 if word 2
=1.

4.2.1.3  Refueling Line (1002)
Variable

Word Name Entry Description

1 1002

2 The fraction of radionuclide inventory remaining after

refueling. This is the same total inventory fractionation as
performed when word 2 of Fractionation Control Line (1004)
is equal to 2.

The Decay/Cycle Line (1003) is used to calculate the inventory decay as generated with an Inventory
Control/Initial Reactor Data Line (1001) or a 2000 series directly input radionuclide inventory. This is
the only location in the program where the radionuclide inventory decay can be calculated. A 6000 series
decay does not calculate an inventory decay for subsequent release. If a subsequent reactor cycle is
required then words 3 and 4 can be used to cycle the reactor.
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4.2.1.4 Decay/Cycle Line (1003)

Decay time or reactor shutdown time before this cycle (s).

Reactor power for cycle (W). If zero, TROP below is set to
zero, and the next entry is ignored.

Variable
Word Name Entry Description
1 1003
2 TTROP
3 POWER

Variable
Word Name Entry Description
4 TROP

RSAC-7

Reactor operating time at above reactor power for this
cycle (s). This quantity is set to zero if reactor power above is
ZEerO0.
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4.2.1.5  Fractionation Control Line (1004)

Use this line to release a fraction of the radionuclide inventory and simulate removal of activity by
cleanup systems such as HEPA filters. Use the control word on this line to determine whether the type of
fractionation is by group, by a constant value, or by element. Specify fractionation by the following
groups: solids, halogens, noble gases, cesium, and ruthenium. Enter the fractionation value for each
group on this line. If the constant fractionation option is used, the entire radionuclide inventory is
fractionated by the next value entered on this line. If fractionation by element is chosen, enter a
fractionation value for those elements not described by an Element Fractionation Lines (1101+) on this
line. Enter the Element Fractionation Lines (1101+), describing the fractionation of each desired
element.

Word Entry Description

1 1004

2 -1 Fractionation by group as specified by the next
five words.

3 Fractionation for solids.

4 Fractionation for halogens.

5 Fractionation for noble gases.

6 Fractionation for cesium.

7 Fractionation for ruthenium.

2 0 Fractionation is by a constant specified

by the next word.

3 FRAC  Fractionation for entire radionuclide inventory.

2 1 Fractionation by element. Following lines will
be Element Fractionation Lines (1101+).

3 FRAC  Fractionation for elements not described by Element
Fractionation Lines (1101+).
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4.2.1.6  Element Fractionation Lines (1101+)

Use these lines only if you want fractionation by element.

Word Entry Description

1 Integer 11XX (XX =01, 02,..., etc.)

2 Integer  Atomic number of element.

3 Fractionation for above element.
2N Integer N™ atomic number

2N +1 N™ fractionation

Enter additional sets of two values on this and following lines until all desired elements have been
described. The number of sets per line is optional.

4.2.1.7  Release During Simulated Reactor Operations Line (1200)

Use this optional control line to simulate radionuclide releases from a reactor while it is operating.
Insert a Release During Fission Product Calculation Line (1200) immediately following either the Initial
Reactor Data Line (1001) or the Cycle Line (1003) to modify the reactor operations requested by the
(1001) or (1003) lines.

A Reactor Linear Leak Rates Line (1201) must immediately follow a (1200) line. Activity is
removed from the reactor incrementally using the number of chosen steps (1 to 100) over the entire
reactor operating cycle requested by a (1001) or (1003) line. The number of steps should reflect the need
for resolution of the release. The more steps, the more exact the totals will be for the shorter lived
radionuclides.

RSAC-7 has two memory buffers for storing radionuclide inventories: main and hold. The activity
remaining in the reactor is stored in a main memory buffer, and the activity released from the reactor is
stored in the hold memory buffer. You can choose whether the activity leaked from the reactor (hold
buffer) or that remaining in the reactor following operations (main buffer) is used in further calculations.
When you chose the option to retain the activity remaining in the reactor after encountering a (71999) line,
the main memory buffer is retained for further calculations and the hold buffer is deleted. Normally the
activity leaked from the reactor (hold buffer) is used for release calculations.

When you choose the option to retain the activities released from the reactor during each step
increment are summed to give the total amount of each radionuclide released from the reactor during the
total operating period. After activity is entered into the hold memory buffer, it cannot be decayed until
after a Fission Product Calculation and Inventory Decay End Line (1999) is encountered When you
chose the option to retain the activity released from the reactor, the hold memory buffer is copied to the
main memory buffer for subsequent calculations, and the radionuclide inventory that was remaining in the
reactor is deleted.

After a (1200) line is encountered, it remains in effect on all subsequent reactor cycle operations
[Cycle Line (1003)] until either another (1200) line or a Fission Product Calculation and Inventory Decay
End Line (1999) is encountered.
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When the (1200) line option is used, all subsequent fractionations of the radionuclide inventory using
(1004) lines [until a (1999) line is encountered] are made on the inventory chosen to be retained for
subsequent calculations. If desired you can make even further decay (and fractionation) by exiting the
1000 Series with a (71999) line and reentering the 1000 Series with another (7000) line.

Number of reactor release steps (<100)
Inventory to be retained for subsequent calculations:

Retain activity remaining in reactor

Variable
Word Name Entry Description
1 1200
2 NCS Integer
3 KEEPFLAG Integer
0
1

Retain activity leaked from reactor

4.2.1.8 Reactor Linear Leak Rates Line (1201)

You must insert the Reactor Linear Leak Rates Lines (1201) immediately following a (1200) line to
establish the leak rates for the different groups of fission products. Calculation of the Linear Leak Rate is
performed by dividing the fraction of the group to be released from the reactor by the total reactor
operating time of the cycle in seconds.

Variable
Word Name Entry Description
1 1201 Radionuclide leak rate from the operating reactor (fraction/s)
2 RR(1) Solids
3 RR(2) Halogens
4 RR(3) Noble gases
5 RR(4) Cesium
6 RR(5) Ruthenium

4.2.1.9  Fission Product Calculation and Inventory Decay End Line (1999)

Use this line to end the fission product inventory calculation or inventory decay requested by the last
Fission Product Calculation and Inventory Decay Line (1000).

Word

1

RSAC-7
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4.2.2 2000 Series — Direct Radionuclide Input

Use the Radionuclide Direct Input Control Line (2000) to initiate directly entering the radionuclide
inventory in curies instead of using a fission product inventory. All radionuclides are identified by the
radionuclide identification number (NUCL) or by entering the element symbol followed by the atomic
number.

4.2.21 Radionuclide Direct Input Control Line (2000)

This control line has one data word that identifies whether an existing radionuclide inventory should
be deleted, changed, or appended. If the option to change or append the file is chosen, the previous
radionuclide inventory can be from another directly calculated (1000 series), input or another external
file. It is important to understand that if an inventory decay is required, it must be done in a 1000 series
decay (1003) line. A 6000 series decay calculation is for display and print purposes only and will not
calculate the active inventory decay.

Word Entry Description
1 2000
2 0 Radionuclide inventory input option is chosen. Any previous

radionuclide inventory is deleted. Radionuclide entry lines or
an external file (2002) may be identified. If direct input of
radionuclides and their respective activities is desired then the
requirements of Radionuclide Entry Lines must be followed. If
an external file is requested the requirements of line (2002)
must be followed.

1 Same as for entry 0 except the previous radionuclide inventory
is retained and the activity of the chosen radionuclide is
changed to that indicated on either the Radionuclide Entry
Lines or an external file.

-1 Same as for entry 0 except the previous radionuclide inventory
is retained and the activity of the chosen radionuclide is added
to that indicated on either the Radionuclide Entry Lines or an
external file.

3 0 curie
1 gram
2 Bq

RSAC-7 4-9 March 2009



2000 Series

4.2.2.2 Radionuclide Entry Lines

Radionuclide Entry Lines are present only when an external file (2002) line option is not selected.
Following the last entry of an inventory for a radionuclide, you must enter an /nput End Line (2999).

Variable
Word Name Entry Description

1 NUCL Integer Radionuclide identification number (see 4000 Series,
Radionuclide Data Change Line). An alternate entry can be
made by replacing NUCL with the element symbol (in capital
letters) followed by the mass number and metastable state
indicator. Examples of allowable styles include

Cs137, Cs-137, Cs 137
Bal37m, Ba-137m, Ba 137m
CS137, CS-137, CS 137
BA137M, BA-137M, BA 137M

2 The amount in curies of this radionuclide.

Make additional line entries until all desired radionuclides have been entered into the radionuclide
inventory. Only one radionuclide and associated curies per line is allowed. Line numbers are not
required.

4.2.2.3 External Radionuclide File Control Line (2002)

This optional line allows you to specify an external file for inputting radionuclide inventories. This
line may follow Line (2000). Data in the external file have the same format as that on the Radionuclide
Entry Lines with one exception. The first line in the external file is used to identify the data set and is
printed on the RSAC-7 output file. The program stops reading radionuclide inventories from an external
file when it encounters either a blank line or the end of the file. An Input End Line (2999) must
immediately follow a (2002) line.

Variable
Word _Name Entry Description
1 2002
2 EXTFILE Enter the name of the external file containing the radionuclide

inventory input. The name entered must be a valid DOS
filename with no extensions.

4.2.2.4 Radionuclide Direct Input End Line (2999)

Use this line to end the direct input of radionuclide inventory input.

Word Entry
1 2999
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4.2.3 3000 Series — Dose Summary Option

Use this option to summarize, add, and report in summary tables doses from different exposure
pathways and multiple RSAC-7 calculations.

4.2.3.1 Dose Summary Option Control Line (3000)

RSAC-7 automatically initiates the dose summary. Following dose calculations for the pathways
desired, enter additional (3000) lines to request dose summaries. Changes can be made in the 5000 Series
(Dispersion Control Input) following initiation of the 3000 Series option; however, downwind distances
cannot be changed.

Word Name Entry Description
1 3000
2 ISUMTYPE Integer Type of calculation:
1 Re-initiate the dose/cancer risk summary option

(used only to zero dose history for stacked cases
in the same run).

2 Summary of dose by pathway.

3 Summary of dose by pathway and radionuclide.

4 Summary of dose/cancer risk by organ/cancer [requires a
(3001) Line to follow].

5 Summary of dose/cancer risk by organ and radionuclide
[requires a (3001) line to follow].

6 Contribution to the effective dose.

7 Contribution to E-50/cancer risk by radionuclide.

8 Contribution to E-50/cancer risk by radionuclide sorted by
dose.

3 INAGE Inhalation/Ingestion Mortality/Morbidity
intake age age group

ICRP-72 model

1 3 months 0—5 years

2 1 year 5-15 years
3 5 years 15 — 25 years
4 10 years 25 —70 years
5 15 years 0— 100 years
6 Adult

7 Adult Worker, ICRP-68 model

8 Acute inhalation dose

9 ICRP-30 model
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4.2.3.2

Dose Summary Organ Selection (3001)

This line is present only if word 2 on the (3000) line is 4 or 5. Dose summaries for up to four organs
can be entered. When additional dose summaries for organs are desired, add additional (3000) and (3001)

lines.

Variable
Word Name Entry Description
1 3001
2 INORGAN(1) Integer Organ number

4 INORGAN(4)

«

ICRP-72 Dose

1 Adrenals

2 Bladder Wall
3 Bone Surface
4 Brain

5 Breast

6 Colon

7 Esophagus

8 ET Airways
9 Kidneys

10 Liver

11 LLI Wall

12 Lungs

13 Muscle

14 Ovaries

15 Pancreas

16  Red Marrow
17  SI Wall

18 Skin

19  Spleen
20 Stomach Wall
21 Testes
22 Thymus

23 Thyroid

24 ULI Wall

25 Uterus

26 Effective

RSAC-7

ICRP-30 Dose
Lung
Stomach Wall
SI Wall

ULI Wall
LLI Wall
Testes

Breast

Bone Surface
Red Marrow
Thyroid
Kidneys
Liver

Spleen
Pancreas
Muscle

Skin

Brain
Thymus
Bladder Wall
Adrenals
Esophagus
Ovaries
Uterus

Mortality/
Morbidity
Cancer Risk
Bladder
Bone
Breast
Colon
Esophagus
Kidney
Leukemia
Liver
Lung
Ovary
Residual
Skin
Stomach
Thyroid
Total

4-12

Acute Dose

Small Intestine

Bone Marrow

Lung

Alveolar Interstitial Region
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4.2.4 5000 Series — Dispersion Control Input

The 5000 Series creates the conditions under which the release parameters will be evaluated.

4.2.4.1 Dispersion Control Line (5000)

Use a Dispersion Control Line (5000) to initiate input of meteorological or room release data.

Word
1

2

Entry

Description

5000

0

Release will be modeled using meteorological dispersion data.
A 5001 line will immediately follow the 5000 line.

Release will be into a building/room. A 5500 line will
immediately follow the 5000 line.

4.24.2 General Meteorological Information Line (5001)

Variable

Word Name Entry Description

1 5001

2 UBAR Average wind velocity (m/s)

3 SH Stack height (m). Typical stack heights are at least
2.5 times the building height.

4 H Mixing layer depth (m). If zero, defaults to 400 m.

5 ADEN Air density (g/m’). If zero, defaults to 1.099E+3 (average
density for 5000 ft. altitude).

6 AMBDA Wet deposition scavenging coefficient (1/s). Set equal to zero
when no plume depletion by wet deposition is desired. This
coefficient simulates rainout of the plume and will very quickly
deplete the release. Values for wet deposition scavenging
coefficient range from 4.0 E-6 to 3.0 E-3 s™ with a median
value of 1.5 E-4. Avoid too large a value to prevent plume
overdepletion.

7 SW1 Integer  Plume depletion by dry deposition:

0 No
1 Yes
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4.2.4.3 Deposition Velocities Line (5002)

Entering this line is optional. However, the line must be present if you are making ingestion or
ground surface dose calculations.

Variable
Word Name Entry Description
1 5002 Deposition velocity (m/s) for:
2 DV(1) Solids
3 DV(2) Halogens
4 DV(3) Noble gases
5 DV(#4) Cesium
6 DV(5) Ruthenium

4.2.4.4  Downwind Distance Lines (5101+)

Variable
Word Name Entry Description
1 Integer 510X (X=1,2,..., etc.)
2 DIE(1) Downwind distance (m)
N DIE(N)

Enter a maximum of eight downwind distances. The valid range of downwind distances is 10 to
1.E+5 m. Diffusion for distances less than 1.E+2 m is extrapolated.
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4.24.5 Leakage Decay Constants Lines (5201+)

Use leakage decay constants to calculate the radionuclide inventory decay before release to the
environment. When the radionuclide inventory decay has already been corrected to the actual amount to
be released, treat the release as an instantaneous release as described below to avoid double decay.

Variable
Word Name Entry Description
1 Integer 52XX (XX =01,02, ..., etc.)
2 KI1(1) Linear constant in the leakage rate function (s)
3 K2(1) Exponential constant in leakage rate function (s)

Enter additional sets of two values on this and following lines up to a maximum of 10 sets.

Values of K1 and K2 can be either positive or negative. If a constant leakage is desired, set K2 =0
and K1 = the reciprocal of the time that it takes for the activity to be released to the atmosphere. The use
of one set of leakage constants is normally sufficient for most calculations.

When an instantaneous release is desired, enter only one set of leakage constants and set K1 = 1., K2
= 0., and the exposure time to the plume to 1 second.

When decay correction is desired for a constant release, set K1 = the reciprocal of the release time (s),
K2 =0., and the decay time for the leakage rate function = the time (s) over which the release occurs [see
Appendix A, Equation (A-28)].

When an exponential release as a function of time is desired, set K2 = 1/T},, where Tj, is the release
half-time (s) for the exponential decay function. K1 can be calculated using the following equation:

_ LiK2

-K2T

K1
l.-e

where L; is the fraction of the total source volume to be released over the time T (s).

Decay times for the leakage rate function used with these constants are entered on lines (6001),
(7001), (8020), and (9000) lines. An option is provided for the program to automatically calculate the
necessary decay times to give a 100% release if only one set of constants is entered (K1 >0 and K1 >
K2). When these conditions are not met, you must directly enter the decay time for the leakage rate
function. It is important not to decay the radionuclide inventory twice before its release to the
atmosphere. This can inadvertently occur when the total activity of each radionuclide to be released to
the atmosphere over an extended period of time is entered directly into RSAC-7 rather than using RSAC-
7 to calculate the radionuclide inventory. When this is the case, no additional decay of the activity before
release is desired even though the total activity entered may represent a release over an extended period of
time.
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4.2.4.6 Crosswind Distance Lines (5301+)

You can omit these lines if no crosswind calculations are desired.

Variable
Word Name Entry Description
1 Integer 53XX (XX =01, 02,..., etc.)
2 ELB(1) Crosswind distance (m)

N ELB(N-1)

Additional values on this and following lines are entered up to a maximum of 15 crosswind distances.

4.2.4.7  Diffusion Control Line (5400)

Variable
Word Name Entry Description
1 5400
2 NTRL 1 A set of standard deviations of plume concentrations is entered
on the Standard Deviation Lines (5401+) for each downwind
distance.
2 Program-calculated standard deviations of plume
concentration. A (5410) line will immediately follow this line.
3 1/Q values are input directly. The remainder of this line is
ignored, and x/Q values are read from (542X) lines.
3 DUMMY Building width (m) (Smallest representative width).
4 DUMMZ Building height (m) (Smallest representative height).
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4.2.4.8 Standard Deviation Lines (5401+)

Enter these lines only if word 2 on the Diffusion Control Line (5400) is equal to 1.

540X (X =1, 2, ..., etc.)

The horizontal dispersion standard deviation for the first
downwind distance (m).

The vertical dispersion standard deviation for the first
downwind distance (m).

Variable
Word Name Entry Description
1 Integer
2 SIGY(1)
3 SIGZ(1)
N

Enter additional sets of standard deviations on this and following lines for the additional downwind
distance until values have been entered corresponding to each downwind position entered on the (5100+)
lines above. A set of standard deviations must be entered for each downwind distance.

RSAC-7
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4.2.4.9 Plume Standard Deviation Control Line (5410)

Enter this line only if word 2 on the Diffusion Control Line (5400) is 2. See Appendix C for
information on the different sets of os that are available. Hilsmeier-Gifford os (Clawson et al. 1989)
should be used for desert terrains (such as the Idaho National Laboratory) for effluent releases from a few
minutes to 15 minute in duration. Markee os (Clawson et al. 1989) should be used for desert terrains for
effluent releases from 15 to 60 minute in duration. Pasquill-Gifford s were developed from the Prairie
Grass experiments for effluent releases from 10 to 60 minutes in duration. The Pasquill-Gifford os are
presented in Regulatory Guide 1.145 (NRC 1982) and by Slade (1968). Carefully evaluate the
appropriateness of using the program-generated os for effluent releases of different durations than noted
above. When you consider the program-generated os inappropriate, word 2 on the Diffusion Control Line
(5400) should be set to 1, and os should be entered directly using the (540.X) lines.

Variable

Word Name Entry Description

1 5410

2 ITS 1 Hilsmeier-Gifford (H-G) os
2 Markee os
3 Pasquill-Gifford (P-G) os

3 IWC Integer Weather class: See Appendix C for Classification of
Atmospheric Stability
1 A Extremely Unstable
2 B Moderately Unstable
3 C Slightly Unstable
4 D Neutral
5 E Slightly Stable
6 F Moderately Stable
7 F Fumigation [SH>O and H>=SH on a (5001) line]
8 G Extremely Stable (allowed only for P-G o5s)

4 IPLRS Integer  Plume rise indicator:
0 No plume rise (ground level release)
1 Jet plume rise. (Elevated Release) Requires a (54171) line.
2 Buoyant plume rise. (Fire, Convection Rise) Requires a (5411)

line
Add a 5th word to Line 5410
Word Description
5 Plume meander. If 0, defaults to 1.
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4.2.4.10 Plume Rise Control Line (5411)

The (5411) line is present only when word 4 on the (5410) line is not equal to 0.

Variable

Word Name Entry Description

1 5411 Plume rise parameters:

2 SDIA Internal stack diameter (m).

3 RS Restoring acceleration (s®). If zero, defaults to program
calculated values of 8.7E-4 (s) for a weak inversion and
1.75E-3 (s™) for a strong inversion.

4 WO Effluent velocity of gases from the stack (m/s).

5 QH Stack gasses heat emission (cal/s) for buoyant plume rise.

Enter zero for jet plume.
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4.2.4.11 Direct 7/Q Input Lines (5421+)

Enter these lines only if word 2 on the Diffusion Control Line (5400) is 3. Cloud gamma calculations
using the finite plume model and plume depletion by ground deposition are not allowed when using this
option.

Variable
Word Name Entry Description
1 Integer 542X (X=1,2,...,, etc.)
2 CQ %/Q for the Ist downwind distance
N CQ %/Q for the N™ downwind distance

Enter additional values on this and following line for each downwind distance entered on the (5701)
line. A (5999) line must immediately follow the input of the (542X)lines.

4.2.4.12 Dispersion to Building/Room Line (5500)

Enter the volume in cubic meters of the building/room in which the release will occur. Input the
exposure time for an individual in the room on a 7001 line.

Variable
Word Name Entry Description
1 5500
2 ROOMVOL Volume (m”

4.2.4.13 Meteorological Data End Line (5999)

Use this line to end the meteorological data input and calculations as requested by the Meteorological
Control Line (5000).

Word Entry
1 5999
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4.2.5 6000 Series — Radionuclide Inventory Decay for Printout

This series is used only to calculate the radionuclide inventory decay for printout. Radionuclide
decay for subsequent dose calculations must be calculated in the 1000 Series. Use the Decay Control
Line (6000) to initiate radionuclide inventory decay calculations. Decay of either the entire radionuclide
inventory or selected radionuclides can be calculated. Decay times can be entered directly with Decay
Times Lines (6101+) or they can be established from the 5000 Series meteorological downwind data
lines. Individual radionuclides selected are printed. If desired, rather than printing the entire radionuclide
inventory you can select other printout options.

4.2.5.1 Decay Control Line (6000)

Variable
Word Name Entry Description
1 6000
2 NCH Integer  Printout control:
0 Decay of radionuclides in the RSAC-7 library will be
calculated.
1 Only radionuclides selected following a (6021) line will be
printed.
3 ISW2 Integer  Printout options:
0 No individual radionuclide inventories are printed.
-1 Print all fission products and any activation products, actinides,
and daughters of actinides with positive values.
1 Same as -1 option except suppress short-lived fission products
that have no available dose conversion factors.
2 Print inventory of radionuclides that have positive values at or
following the first requested decay time.
4 ISW Integer  Units control word:
0 Curies
1 MeV/s (gamma only)
2 Grams
5 LEAK Integer  Exponential leakage option
0 No exponential leakage corrections are included.
1 Correction for exponential leakage decay included. A (6001)

line must immediately follow this line. This option provides an
inventory of the radionuclides reaching a downwind location
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following a release that varies exponentially as a function of
time.

4.2.5.2 Decay Time for Leakage Rate Function (6001)

Use this line only when LEAK on the (6000) line is equal to 1

Variable
Word Name Entry Description
1 6001
2 T Decay time (s) for the exponential decay function. If zero,

defaults to the time necessary to give 100% release.

4.2.5.3 Leakage Decay Constants (6002+)

Use these lines only when the exponential leakage option is requested (i.e., LEAK =1). You can
omit these lines if leak rate exponentials have been previously entered with (5201+) lines.

Variable
Word Name Entry Description
1 Integer 60XX (XX =02, 03,..., etc.)
2 KI1(1) Linear constant in leak rate function (s™)
3 K2(1) Exponential constant in leak rate function (s™)

Enter additional sets of two values on this and following lines up to a maximum of 10 sets.
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4.2.54 Radionuclide Selection Option Line (6021)

This line is required only if NCH (word 2) entered on the Decay Control Line (6000) is equal to 1.
This line is followed by additional lines described as following:

Variable
Word _Name Entry Description
1 NUCL Integer Radionuclide identification number (see Series 4000,

Radionuclide Data Change Line). An alternate entry can be
made by replacing NUCL with the element symbol followed by
the mass number and metastable state indicator. Examples of
allowable styles include:

Cs137, Cs-137, Cs 137
Bal37m, Ba-137m, Ba 137m

CS137, CS-137, CS 137
BA137M, BA-137M, BA 137M

Make additional line entries until all desired radionuclides have been entered into the radionuclide
inventory. A (6101) or (6999) line must follow last radionuclide identification entered.

4.2.5.5 Decay Times Lines (6101+)

You can omit these lines if decay times have been established using the (5001 +) lines.

Variable
Word Name Entry Description
1 Integer 61XX (XX =01,02, ..., etc.)
2 TUNIT Integer Decay time unit:
1 = Second
2 = Minute
3 =Hour
4 = Day
5=Year

3 TIME(2) Decay time

N TIME(N-1)

Enter additional values on this and following lines up to a maximum of eight values. When you want
to see all of the output data on an unshifted screen or printed on a standard 80-column page, a maximum
of three decay times should be entered on each 6000 Series input.
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4.2.5.6 Summation Control Line (6200)

This line is present only if the entire radionuclide inventory decay is calculated and it can be deleted
if desired. A summation of the radionuclide inventory by group (solids, halogens, noble gases, cesium,
and ruthenium) and/or by element can be printed. If summation by element is requested, enter the
Element Summation Lines (6201+) next, selecting the elements to be summed.

Word Entry Description
1 6200
2 Group summation control word:
0 No summation or printout.
1 The fission product inventory for each group (solids, halogens,

noble gases, cesium, and ruthenium) is summed and printed.

3 Integer  Element summation control word:
0 No summation or printout.
1 The radionuclide inventory is summed for each element

selected by the Element Summation Lines (6201+) that follow.

4.2.5.7 Element Summation Lines (6201+)

These lines are required only if the entire radionuclide inventory decay is calculated and if the
element summation option on the Summation Control Line (6200) is chosen. Enter any number of these
lines.

Word Entry Description
1 Integer 62XX (XX =01, 02, ..., etc.).
2 Integer  Atomic number of element to be summed.

Enter additional words on this and following lines until the desired elements have been selected for
summation.

4.2.5.8 Decay End Line (6999)

Use this line to end the fission product inventory decay and printout as requested by the Decay
Control Line (6000).

Word Entry
1 6999
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4.2.6 7000 Series — Internal/External Dose Calculation

Use the initial line of this series to establish the type of dose calculation to be made and the amount of
output data. Air-immersion doses are calculated using dose-rate conversion factors from Federal
Guidance Report 12 (Eckerman 1993) developed for a semi-infinite plume. Use caution to ensure that
the plume size is large compared to the mean free path of the gamma rays. If there is any doubt, make
cloud gamma calculations (see 9000 Series in this section) using both the finite plume model and the
semi-infinite plume model and ensure that the doses are converged.

4.2.6.1 Dose Calculation Control Line 1 (7000)

Variable
Word Name Entry Description
1 7000
2 IMOD Integer  Type of calculation:
1 Inhalation, program default parameters.
2 Inhalation, user-supplied parameters on the (7003) line.
3 Ingestion, default to program calculated chronic parameters.
4 Ingestion with user supplied parameters on the (7004) line.
5 Ground surface.
6  Air immersion (see caution above).
Mortality risk, add 10 to the above values of IMOD.
Morbidity risk, add 20 to the above values of IMOD.
Resuspended Activity, enter IMOD as a negative value.
3 ISW Integer  Output control:
-2 Only dose summaries by organ.
-1 Only total organ doses.
0 Above plus doses for each element.
1 Above plus doses for each radionuclide.
2 Above plus dose summary tables by organ.
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4 IDU Integer  Dose unit:

1 rem

2 Sv
5 NCH Integer Number of elements for which calculation is done:

0 All elements.

1 As indicated on Optional Element Selection Lines (7081+).
6 IONC Integer  Organ number choice:

1 Default to all organs.

2 As indicated on the Optional Selection of Organs Line (7002).
7 AGE Inhalation/Ingestion Mortality/Morbidity

intake age age group

ICRP-72 model

0 All ages All age groups
1 3 months 0 — 5 years

2 1 year 5- 15 years

3 5 years 15— 25 years
4 10 years 25 —70 years
5 15 years 0—-110 years
6 Adult

7 Adult Worker, ICRP-68 model (inhalation only)
8 Acute inhalation dose (inhalation only)

9 ICRP-30 model

If word two, IMOD, was entered as ‘ground surface’ or ‘air immersion’ calculation, then the final
word in this line, ‘age,’ is not used in any calculations. However, this word must be present. It is
suggested that you use ‘0’ for this value, though integers 1-9 would have the same results.

A special test option has been added to print out the actual dose conversion factors used in RSAC-7.
This is initiated by putting -201 in word 4 of Line 7001 for the variable TB. This should be very useful
for performing V&V. The place to look closely is for the elements with special chemical forms.
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Breathing rate (m*/s) for inhalation calculations. If zero,
defaults to 3.33E-4. Use 2.66E-4 for 24-h average breathing

Release to atmosphere:

Decay time (s) for the exponential decay function (see
Appendix A, “Leakage Rate Function”). If zero, defaults to
the time necessary to give 100% release.

Release to building:
Time that receptor is exposed (s). If zero, defaults to 60 s.

Values for the term “TB” depend the type of calculation

For acute releases: TB is the number of years that crops are
grown on the contaminated soil. TB should be 1. year for
dose during the year of intake. Values greater than 1. year
give the dose from growing crops on the contaminated soil
for the specified number of years. If zero, defaults to

Ingestion from chronic release: For chronic releases, TB is
the years of long-term buildup of activity in the soil. TB
should be equal to the plant mid-point of operating life (y). If
zero, defaults to 15 years.

Ground surface: TB is the time in years that the receptor is
exposed to the contaminated ground surface following
initiation of the release. If > 0 and <1, a warning will be given
that an exposure period of <1 year has been chosen. If zero,

Building shielding factor for ground surface dose calculations.
If zero, defaults to 0.7.

Occupancy factor for ground surface dose calculations
(entry of word is optional). If zero, defaults to 1.0.

4.2.6.2 Dose Calculation Control Line 2 (7001)
Variable
Word Name Entry Description
1 7001
2 BREATH
rate.
3 TINHA
4 TB
being made:
15 years.
defaults to 1 year.
5 BS
6 OCFACT
RSAC-7
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4.2.6.3

User selection of organs

Optional Selection of Organs Line (7002)
Variable
Word Name Entry Description
1 7002
2 10(1) Integer  Organ number:
N+1  IO(N)

h

ICRP-72 Dose

1 Adrenals

2 Bladder Wall

3 Bone Surface

4 Brain

5 Breast

6 Colon

7 Esophagus

8 ET Airways

9 Kidneys

10  Liver

11 LLI Wall

12 Lungs

13 Muscle

14 Ovaries

15 Pancreas

16  Red Marrow

17  SI Wall

18 Skin

19  Spleen

20 Stomach Wall

21 Testes

22 Thymus

23 Thyroid

24 LLI Wall

25 Uterus

26 Effective
Line 7003

RSAC-7

ICRP-30 Dose
Lung
Stomach Wall
SI Wall

ULI Wall
LLI Wall
Testes

Breast

Bone Surface
Red Marrow
Thyroid
Kidneys
Liver

Spleen
Pancreas
Muscle

Skin

Brain
Thymus
Bladder Wall
Adrenals
Esophagus
Ovaries
Uterus
Effective

Mortality/
Morbidity
Cancer Risk
Bladder
Bone
Breast
Colon
Esophagus
Kidney
Leukemia
Liver
Lung
Ovary
Residual
Skin
Stomach
Thyroid
Total

4-28

Acute Dose

Small Intestine

Bone Marrow

Lung

Alveolar Interstitial Region

AMAD only is used with the ICRP-30 model. A value must be present, but it is ignored in other
calculations. Default to 0.
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4.2.6.4 Optional Inhalation Dose Calculation Control Line (7003)

This line is present only if IMOD (word 2) on the (7000) line is 1.

User-supplied inhalation parameters.

Activity median aerodynamic diameter (um). If zero, defaults
to 1. AMAD must be >0.1 um.

Clearance class indicator:

Default to program-generated classes for oxides and
User input of classes on (703X) lines. Unchanged classes
default to those for oxides and hydroxides.

Default to program-generated classes selected to give
maximum element dose.

Variable
Word Name Entry Description
1 7003
2 AMAD
3 ICCI
1
hydroxides.
2
3
4

User input of classes on (703X) lines. Unchanged classes
default to those selected to give maximum element dose.

4.2.6.5 Optional Ingestion Dose Calculation Control Line (7004)

This line is present only if IMOD (word 2) on the (7000) line is 3.

Variable
Word Name Entry Description
1 7004
2 ITRAN Integer

RSAC-7

Ingestion transfer parameter control:
0 = Program default transfer parameters used.

1 = Program default transfer parameters are used and
printed out.

2 = Read ingestion transfer parameters from external file
TRANCON.
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3 ITYPE Integer
4 ATIME
5 THD

User control for ingestion calculations

0 = Chronic release with program default parameters.

1 = Acute release with program default parameters.

2 = User-supplied ingestion parameters on (705.X) lines.

Time period (d) that crops are exposed to contamination during
the growing season. A time period of >60 days signifies a
chronic release with vegetable and forage exposure times to the
plume as indicated in Series 7000, Ingestion Constants Line 3
(7052). A time period of <60 days signifies an acute release.

ITYPE = 0. Variable not used.

ITYPE = 1. Time must be between 0.04167 day (1. hour) and
<60. day.

ITYPE = 2. If zero or > 60., defaults to 60. days. Otherwise,
must not be <0.04167.

Harvest duration time period (0. < THD < 60.) following an
acute release (d). If zero, defaults to 7 days. When the sum of
ATIME and THD exceeds ETV [see (7052) line], the program
automatically decreases the value input for THD to give a sum
of ETV days for produce calculations. The program also
automatically calculates a value for THD for forage
calculations so that the sum of ATIME and THD do not exceed
the value of ETM [see (7052) line].

4.2.6.6 Optional Clearance Class by Element Lines (7031+)

These lines are present only if ICCI (word 3) on the (7003) line is equal to 2. Make entries in pairs of
two: the element's atomic number followed by the clearance class code. Refer to Appendix D for valid

clearance classes.

703X (X =1, 2, ..., etc.).
Atomic number for element.

ICRP-72 ICRP-30

Variable

Word Name Entry Description

1 Integer

2 NN Integer

3 ICI(NN) Integer
1 Type F  Class D
2 Type M Class W
3

TypeS ClassY

Enter as many pairs of entries on this or following lines as desired.

RSAC-7
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4.2.6.7 Optional Ingestion Dose Constants Lines (7051+)

These lines are present only if ITYPE (word 3) on the (7004) line is equal to 2.
Ingestion Constants Line 1 (7051)

Variable Default Variable
Word Name Description Value Name

1 7051

2 UFSV Stored vegetable 520. [ON
usage factor
(kg/yr wet weight)

3 UFFV Fresh vegetable 64. Ut
usage factor
(kg/yr wet weight)

4 UFMP Meat usage factor 110. U*
(kg/yr wet weight)

5 UFM Milk usage factor 310. u"
(L/yr)

6 FG Fraction of stored 0.76 f,
vegetables from
garden

7 FY Fraction of fresh 1.0 fi

vegetables from
garden

Ingestion Constants Line 2 (7052)

Variable Default Variable
Word Name Description Value Name
1 7052
2 RF1 Retention factor 0.57 r
for activity on
forage
3 RF2 Retention factor 0.2 r
for activity on
vegetables
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4 RFI

5 RRC

6 ETV

7 ETM
8 HRHT

Retention factor
for iodines on
forage

Removal rate
constant for crops
(1/h)

Vegetable exposure
time to plume for
chronic release (d)

Forage exposure time
to plume for chronic
release (d)

HTO removal half
time (d)

Ingestion Constants Line 3 (7053)

Variable

Word Name Description

1 7053

2 SD Effective surface
density for soil
(kg/m®)

3 THS Stored vegetable
holdup time after
harvest (d)

4 THF Fresh vegetable
holdup time after
harvest (d)

5 QF Animals daily forage
feed (kg/day dry
weight)

6 TRAN Feed-milk receptor
transfer time (d)

7 TSLA Slaughter to

RSAC-7

consumption time (d)

4-32

1.0 r
0.0021 Aw
60. te
30. te
1. Ao
Default Variable
Value Name
225. P
60. tn
1. th
16. Qr
2. te
20. te
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Ingestion Constants Line 4 (7054)

Default Variable
Value Name

0.4 f,

43 f,

90. th

2. Y,

0.28 Y,

4.9 H

You can omit this line; however, when it is not entered, all acute ingestion constants are set equal to

Variable

Word Name Description

1 7054

2 FPAST Fraction of year
that animals graze

3 FS Fraction of feed that
is pasture when animal
grazes on pasture

4 THSF Stored feed holdup
time (d)

5 VYV Vegetable vegetation
yield (kg/m* wet
weight)

6 VYM Forage vegetation
yield (kg/m* dry
weight)

7 HUM Absolute humidity
(g/m’)

4.2.6.8 Optional Acute Ingestion Constants Line 4 (7055)
1.
Variable

Word Name Description

1 7055

2 AFG Fraction of annual
stored vegetables
that are contaminated
by acute release

3 AFY Fraction of annual
fresh vegetables
that are contaminated
by acute release

RSAC-7 4-33

Default Variable
Value Name
0.5? F,
1.0°
0.33° F,
0.67°
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4 AFFS Fraction of annual 0.5* F,
stored forage that 1.0°
is contaminated by
acute release

5 AFFF Fraction of annual 0.33% F,
fresh forage that is 0.67°
contaminated by acute
release

a. Crops exposed to contamination between 1 hour and <30 days.

b. Crops exposed to contamination between 30 days and <60 days.

4.2.6.9 Optional Element Selection Lines (7081+)

These lines are present only if word 5 (NCH) on the (7000) line is greater than zero.

Variable
Word Name Entry Description
1 Integer 708X (X=1,2,...,etc.).

2 NUMBER(1) Integer Atomic number of element.

N NUMBER(N)

Enter additional values on this and following lines until the number of elements indicated on the
(7000) line have been entered.

4.2.6.10 Resuspension Control Line (7090)

Enter the parameters for evaluating inhalation dose from resuspended activity. Ingestion and External
dose from resuspension of activity is not calculated due to its negligible contribution to CEDE.

Variable
Word Name Entry Description
1 7090
2 TSD Time since deposition (days).
3 RET Exposure time to resuspended activity.
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4 ARL Linear constant in the resuspension rate function (d).
Defaults to 4.9 E-8 (d™).

5 BRE Exponential constant in the resuspension rate function (d™).
Defaults to 4.1 E-3 (d™).

4.2.6.11 Dose Calculation End Line (7999)

Use this line to end the input for the calculations requested by a Dose Calculation Control Line 1
(7001).

Word Entry
1 7999
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4.2.7 9000 Series — Cloud Gamma Dose Calculation

Use a (9000) control line to initiate a cloud gamma dose calculation.

Variable
Word Name Entry Description
1 9000
2 IT 0 All calculations are made using the finite plume model
1 All calculations are made using the semi-infinite model
3 T Decay time for the leakage rate function (s). If zero defaults to

the time necessary to give 100% [see (5201+) lines].

5. EXAMPLE RSAC-7 RUNS

RSAC-7 is provided with 20 examples that are useful in helping you learn how to run RSAC-7. The
examples have been added solely to demonstrate the capabilities of RSAC-7.
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