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ABSTRACT

The RESRAD-OFFSITE code can be used to model the radiological dose or risk to an offsite
receptor. This User’s Guide for RESRAD-OFFSITE Version 3.1 is an update of the User’s Guide
for RESRAD-OFFSITE Version 2 contained in the Appendix A of the User’s Manual for
RESRAD-OFFSITE Version 2 (ANL/EVS/TM/07-1, DOE/HS-0005, NUREG/CR-6937). This
user’s guide presents the basic information necessary to use Version 3.1 of the code. It also
points to the help file and other documents that provide more detailed information about the
inputs, the input forms and features/tools in the code; two of the features (overriding the source
term and computing area factors) are discussed in the appendices to this guide.

Section 2 describes how to download and install the code and then verify the installation of the
code. Section 3 shows ways to navigate through the input screens to simulate various exposure
scenarios and to view the results in graphics and text reports. Section 4 has screen shots of
each input form in the code and provides basic information about each parameter to increase
the user’s understanding of the code. Section 5 outlines the contents of all the text reports and
the graphical output. It also describes the commands in the two output viewers. Section 6 deals
with the probabilistic and sensitivity analysis tools available in the code. Section 7 details the
various ways of obtaining help in the code.
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1 INTRODUCTION

The RESRAD-OFFSITE code was initially developed to extend the capability of the RESRAD
(onsite) code for modeling offsite receptor exposure scenarios (Yu et al. 2007). The transition
from RESRAD (onsite) to RESRAD-OFFSITE, including benchmarking of RESRAD-OFFSITE
code against peer codes, was documented in DOE/EH-0708 (Yu et al. 2006). The capability of
RESRAD-OFFSITE code was further enhanced in the modeling of the source release term for
handling containerized waste materials. This new source term model was documented in
NUREG/CR-7127 (Yu et al. 2013) for potential application to low-level radioactive waste
disposal facility performance assessment. A new version of RESRAD-OFFSITE (Version 3.1)
was released following the incorporation of this new source term model. Version 3.1 includes
additional features such as time-distributed source release and computation of area factors for
offsite exposure scenarios.

1.1 Purpose Of User’s Guide

The primary purpose of this user’s guide is to help users understand and use the RESRAD-
OFFSITE code Version 3.1. It describes how to download and install the code, as well as how to
navigate through the input screens to simulate various exposure scenarios and view the results
in graphics and text reports. This user’s guide not only describes the features of RESRAD-
OFFSITE, Version 3.1, it also provides additional information about the input parameters to
increase the user’s understanding of the code. Some advanced features, such as overriding the
source term model, use of probabilistic and sensitivity analysis, and computing the area factors,
are also included in this user’s guide.

1.2 Organization Of User’s Guide
This information is organized into the following major sections:

+ Section 2. Installation: Installation procedures and system requirements.

+ Section 3. Navigation: Instructions for moving around the interface to
accomplish various tasks and to save input and output.

» Section 4. Input forms: Description of each input form, information on how to
use each form, and parameters in the input forms.

» Section 5. Outputs: Instructions on how to find results in the textual and
graphical output.

+ Section 6. Enhancements: Explanation of the probabilistic/uncertainty
analysis and sensitivity analysis features.

» Section 7. Help: Various ways of obtaining help.

« Section 8. References: List of references.

» Appendix A. Overriding the source term module: Description of how to
override the source and release module of the computational code, as well as
how to specify temporal information about the primary contamination and the
release.

» Appendix B. Computing the area factors: Description of a menu option that
facilitates the calculation of area factors of small areas with elevated
contamination for offsite exposure scenarios.






2 INSTALLATION

The RESRAD family of codes, including RESRAD-OFFSITE, Version 3.1, is distributed through
the RESRAD Website (http://www.evs.anl.gov/resrad). The code requires a Windows XP or
later operating system and about 100 MB of disk space. The code has been tested and is fully
compatible with the Windows 7 operating system. The procedure for downloading and installing
RESRAD-OFFSITE code is described in Section 2.1, the procedure for checking the installation
is outlined in Section 2.2, and the procedure for uninstalling RESRAD-OFFSITE code is
described in Section 2.3.

2.1 Installing From the RESRAD Website

Connect to the RESRAD Website at http://www.evs.anl.gov/resrad.

Click on “Download Codes”.

Fill in the requested information and download the installation program.

When the installation program launches, enter the information requested by

the standard installation program.

If the default installation selections are used, the files needed to execute

RESRAD-OFFSITE version 3.1 will be installed in
C:\RESRAD_Family\OFFSITE\3.1\.

The installation would also have created the following subdirectories:
.\Metfiles\: The STAR format meteorological files will be installed here.
.\Userfiles: The input and output files are saved in this directory.
.\QAfiles\: The QA files from the RESRAD Website can be copied here.

6. After installation, a new RESRAD-OFFSITE icon will appear on the computer

desktop. Double-click this icon to start RESRAD-OFFSITE.

PN~

o

2.2 Checking the Installation
Connect to the RESRAD Website at http://www.evs.anl.gov/resrad.
Click on “User Center”.

1
2.
3. Save the QA_RESRAD_OFFSITE_3.1.zip file to the QA subdirectory.
4. Follow the instructions in the ReadMe file, which is in the zip file.

2.3 Uninstalling

1. Use Uninstall, a program utility in the Windows control panel.






3 NAVIGATION

Four independent methods are available to access information through the RESRAD-OFFSITE
interface (Figure 1):
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Figure 1. RESRAD-OFFSITE Interface

1. Menu and Toolbars: These are the standard Windows tools used to
manipulate files, input forms (i.e., screens), and output forms; shortcut keys
are included for advanced users. These are described in Section 3.1.

2. Linked Input Forms: All relevant input forms are linked together by two
buttons in each input form; these buttons save the data in that input form and
then open either the next input form or the previous one (Section 3.4). Start
by pressing the “New user, Chain through all Input Screens” button in the
About RESRAD-OFFSITE popup window that displays upon starting
RESRAD-OFFSITE. The About screen can also be accessed via the Help
menu [press Alt-H, then press A].



3. RESRAD DOS-Emulator: This set of textual command buttons is similar to
the buttons used in RESRAD for the DOS interface (Section 3.2).

4. Iconic Navigator Window: This tabbed window provides access to the
information through more graphical cues (Section 3.3).

3.1 Menus and Toolbars

3.1.1 Menus

The menu on the main RESRAD-OFFSITE window (i.e., the Main Menu) gives complete access
to all the forms, functions, and features of the code. The Main Menu and the submenus that
branch from it are shown below (Figure 2).
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The menu operations can be performed by clicking the mouse, by pressing the hot (underlined)
keys after activating them with the Alt key, or by using the shortcut keys shown next to the
submenu commands.

File Submenu: The first block of four commands performs common file operations. The next
two commands facilitate the modeling of onsite scenarios. The remaining five commands can
be used to access the Title window, to perform an analysis using the current inputs, to initiate
the process of generating area factors, to generate all the files that are necessary to execute the
computational code in batch mode (Generate files for batch mode execution), or to launch the
Dose Conversion Factor Editor (DCF Editor).

New: This starts afresh with a set of default or placeholder values for all the
parameters.

Open: This brings up the dialogue box to open a previously saved input file.
Save: This saves the current input file.

Save As: This brings up the dialogue box to save the current inputs under a
different filename.

Onsite Scenario Template File: This menu provides a starting point to use
the RESRAD-OFFSITE methodology to model an onsite exposure scenario.
The interface is reset as follows when this menu command is clicked: (1) all
the agricultural areas are placed on top of the primary contamination; (2) the
surface water body and the well are placed at the down-gradient edge of the
primary contamination and the dispersivities in the saturated zone are
adjusted accordingly; (3) the wind speed, the well pumping rate, the fractions
of meat and milk from the affected area, and the onsite dwelling occupancies
(indoor and outdoor) are set to the RESRAD default values; (4) the
occupancies in the agricultural areas are set to add up to the RESRAD
default outdoor occupancy, and the offsite dwelling occupancies are set to
zero; and (5) the volume of surface water body is set to a value that will yield
surface water results similar to RESRAD. All the inputs (including the offsite
ones) remain enabled so that the user may take advantage of all the
processes modeled by RESRAD-OFFSITE.

Simulate RESRAD (onsite) Code: This command mimics the RESRAD
(onsite) code to the extent possible by resetting the interface as follows:

(1) all the agricultural areas are placed on top of the primary contamination;
(2) the surface water body and the well are placed at the down-gradient edge
of the primary contamination; (3) the wind speed, the erosion rates of the
cover and primary contamination, the well pumping rate, the fractions of meat
and milk from the affected area, and the onsite dwelling occupancies (indoor
and outdoor) are set to the RESRAD default values; (4) the dispersivities in
the groundwater transport zones, the sediment delivery ratio, the
occupancies in the agricultural areas are set to zero; (5) the volume of
surface water body is set to a value that will yield surface water results similar
to RESRAD; and (6) the shape of the primary contamination is treated as a
circle for direct external radiation calculations. The inputs that are common
with RESRAD remain enabled; most of the others are disabled and are set to
the values of the corresponding values in RESRAD.

Title: This displays the Title form.

Run RESRAD-OFFSITE: This command saves the input file, generates all
the data files that are necessary to execute the computational code, and
launches the computational code.



« Generate Area Factors: This initiates the process of generating area factors.
The process of generating area factors is summarized in Appendix B of this
user’s guide and is discussed in greater detail in Appendix E of
NUREG/CR-7127.

+ Generate Files for Batch Mode Execution: This command saves the input
file and generates all the data files that are necessary to execute the
computational code, but does not launch the computational code.

« DCF Editor: This launches the Dose Conversion Factor Editor.

Pathways Submenu: This is used to activate, deactivate, or verify the status of each exposure
pathway. A checkmark next to a pathway indicates that it is currently active.

Site Data Submenu: All but four of the forms that are needed to specify the situation to be
modeled are directly accessible from this submenu. The shape and area factor form for external
radiation is accessible from the inhalation and external gamma form, and the nuclide-dependent
property forms (the source release and atmospheric transport form, the distribution coefficients
form and the transfer factors form) are accessible after the nuclides have been selected from
the source form. Any forms that are currently open (i.e., being displayed) are indicated by a
checkmark on the submenu.

View Submenu: This submenu has two functions: it provides access to the various output
windows, and it is used to set the display options for a number of features of the code. The first
two subgroups display the textural and graphical outputs of a RESRAD-OFFSITE analysis,
which are discussed in Section 5. The last group of commands on this submenu is used to set
the user’s preference to display (indicated by a checkmark) or hide (no checkmark) the following
functions of the code:

» lconic Navigator: This is the Iconic Navigator window, which can also be
used to access the forms, to perform the analysis and to view the output. This
is discussed in Section 3.3.

« Tool Bar: This is the primary toolbar, shown in Section 3.1.2.

« Pathway Bar: This is the pathways toolbar, shown in Section 3.1.2.

» Sensitivity Input Summary: This is the sensitivity analysis (one parameter
at a time) information bar, shown in Section 3.1.2.

* Uncertainty/Probabilistic Interface: This form, which details any
probabilistic analysis that is to be performed for the current input file, is
discussed in Section 6.2. This form can also be used to perform step-by-step
probabilistic analysis and to view plots of the results.

* Map Interface: This is the form that displays the plan view of the locations of
the primary and secondary contamination. Section 4.4 describes the map
interface. Unlike in the other cases where the user’s preference is a simple
show or hide, there are three possibilities in this case. The user may indicate
a preference to see the map only when the site layout form is displayed in the
sequence of forms (to set this, set the preference to view map while the
layout form is displayed), to see the map at all times (to set this, set the
preference to view map when the layout form is not being displayed), or to
never see the map.

» Soil Strata Graphics: This is a sketch of the cross-section of the ground
below the primary contamination.



« Button Prompts: A button prompt is a short descriptive name for a control
on the toolbar or on the Pathways/Inputs tab of the Iconic Navigator window.
A prompt is displayed when the mouse cursor moves over the control and
lingers there for a short while. The descriptions of the objects in the map
interface are also displayed as the mouse lingers over the different objects in
the map interface.

» Variable Information: This is the variable information bar, shown in
Section 3.1.2.

Form Options Submenu: The first two commands on the Form Options submenu, Save
current form and Cancel current form, are used to save or cancel the changes made to an open
form (Section 4). The remaining six commands perform operations on the input boxes contained
in the forms, as follows:

« Sensitivity Analysis (single parameter): This is used to activate “one
parameter at a time sensitivity analysis” (Section 6.1) on the input parameter
and to set the range of the parameter for the analysis.

* Uncertainty/Probabilistic Analysis: This is used to include the input
parameter in the probabilistic or uncertainty analysis (Section 6.2). It can also
be used to display the uncertainty/probabilistic analysis form if it is not visible.

« Multi-parameter Sensitivity Analysis: This is used to include the input
parameter in the probabilistic or uncertainty analysis with uniform or log-
uniform distribution of a selectable range about its current value and to
display the uncertainty/probabilistic analysis form if it is not visible.

* Lower Bound: This is used to set the input to the lowest value accepted by
RESRAD-OFFSITE. The lowest value may be a physical bound (i.e., the
lowest value that is applicable for the parameter because of physical
considerations) or simply a numerical bound imposed to prevent the code
from crashing.

» Default: This is used to set the input to the default value assigned in the
RESRAD-OFFSITE code. While some default values (e.g., ingestion rates,
inhalation rates) are generally accepted values, others (e.g., field capacity,
distribution coefficient) are merely placeholder values.

* Upper Bound: This is used to set the input to the highest value accepted by
RESRAD-OFFSITE. The highest value may be a physical bound (i.e., the
highest value that is applicable for the parameter because of physical
considerations) or simply a numerical bound imposed to prevent the code
from crashing.

Help submenu: This is used to obtain context-sensitive information about the inputs, forms,
and features in RESRAD-OFFSITE; to access PDF versions of this user’s guide and the user’s
technical manual; and to display the About RESRAD-OFFSITE form.

» Context-Sensitive Help: Information about a specific input parameter, form,
or feature in RESRAD-OFFSITE can be obtained by pressing the F1 function
key while the input control is in focus (box, option buttons, dropdown box,
etc.). The input control is in focus when the cursor is in the field of the control.

« User’s Guide: This opens the PDF version of this document.

« User’s Technical Manual: This opens the PDF version of the user's manual.

10



NUREG/CR-7127: This opens the PDF version of NUREG/CR-7127, which
deals with the source release options added to Version 3.1 of
RESRAD-OFFSITE and with performing sensitivity analysis.

About RESRAD-OFFSITE: This displays the About RESRAD-OFFSITE form
(i.e., the About form). This form shows the version and release date of the
RESRAD-OFFSITE software installed on the computer, the amount of
physical memory that is available on the computer, and the e-mail contact for
the RESRAD team; it also provides a link to access the RESRAD Website.

3.1.2 Toolbars

Primary Toolbar
The primary toolbar below (Figure 3) is displayed if the user preference is set to display it in the
View submenu (Section 3.1.1) (the default is to show this toolbar). The operations that can be
performed by clicking on the icons on the primary toolbar are shown below. If the Button
Prompts option was selected from the View submenu on the Main Menu, a message prompt
appears as the cursor lingers over an icon to display what the icon means.

Files Input Results

e EREEECEE E R

Display Feedback RESRAD

Figure 3.

Primary Tool Bar

Files

— Reset all input parameters to default values
— Open an existing input file

— Save data currently in all input forms to a file
Input

— Perform calculations

— Save changes to current input form

— Cancel changes to current input form

— Display/hide sensitivity analysis input form

— Display/hide uncertainty analysis input form
Results

— View summary report

— View deterministic graphics

— View uncertainty/probabilistic graphics
Display Feedback

— Display/hide soil strata graphics

— Display/hide pathway button bar

— Display/hide variables for sensitivity analysis
RESRAD—Simulate RESRAD (onsite) code
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Pathways Toolbar

The pathways toolbar below (Figure 4) is displayed if the user preference is set to display it in
the View submenu (Section 3.1.1) (the default is to hide this toolbar). The pathways toolbar is
used to toggle between active and inactive for each pathway, and it displays the status of the
pathways.

Figure 4. Pathways Toolbar

Sensitivity Analysis Input Summary Bar

The sensitivity analysis input summary bar (shown in the upper half of Figure 5 below) is
displayed if the user preference is set to display it in the View submenu (Section 3.1.1) (the
default is to show this interactive summary bar). It shows the number of variables selected for
one-parameter-at-a-time sensitivity analysis (Section 6.1) and contains a button for each of
those variables. The buttons display the FORTRAN variable name and the range factor for the
sensitivity analysis on the variable. Left-click the mouse with the cursor on the sensitivity button
to access the Sensitivity Analysis form for the variable. Right-click the mouse with the cursor on
the sensitivity button to remove that variable from sensitivity analysis. The height of the bar
depends on the number of variables selected for sensitivity analysis and should not be adjusted
by the user.

4Variables OFFLPAQW*/2 | OFFLNAQW™* 2 | RIRRIG(1)*/2 | EVAPTRN{4)*/2. |

Variable Hame: EVAPTRHN (4) Default: b Range: 0 to .999

Figure 5. Sensitivity Analysis Summary Bar and Variable Information Toolbar

Variable Information Bar

The variable information bar (shown in the lower half of Figure 5 above) is displayed if the user
preference is set to display it in the View submenu (Section 3.1.1) (the default is to show this
information bar). This bar displays information (FORTRAN name, default, and bounds) about
the current input.

3.2 RESRAD DOS-Emulator

All applicable input fields can be accessed by following the command buttons in the RESRAD
DOS-Emulator found on the left side of the interface. Some of the command buttons are linked
directly to forms, while other commands lead to a group of second-level commands that appear
to the right of the primary command list. All the buttons (Figure 6) can be followed sequentially
except for the Radon pathway button; it can be turned on only after a radon precursor has been
selected from the Source form. The forms that are linked to these command buttons are
discussed in Section 4.
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Figure 6. DOS-button Emulator

If the screen resolution is not sufficient to display the expanded modify data command buttons
(1024 x 768 pixels), a compact version can be displayed by clicking on the “Hide Subscreens”
command button.

3.3 Iconic Navigator Window

The Iconic Navigator window (Figure 7) will be displayed if that user preference has been set
using the View submenu (the default preference is to display this window). It has four tabs. The
first tab, Problem, gives the broad outline of the sequence to be adopted to perform the
analysis. Buttons on the tab lead to the second tab, Pathways/Input, which is for specifying the
site-specific scenario being analyzed, and to the third tab, Results, for viewing the results. The
forms that are accessed by these buttons are described in Section 1.3. Prompts displaying a
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descriptive name will appear as the cursor lingers over the buttons on the Pathways/Input tab.
This feature is turned on using the Button Prompts option from the View submenu (prompts are
displayed by default).

Iconic Navigator Iconic Navigator

Problem ]thwﬂysllnput‘[ Results I Help Problem IP&.I]I:::{SII Results I Help

Dose Input/ Pathways Sensitivity

*E
Fun " Results

lconic Navigator

lconic Navigator

Problem 1 Palhwuys,'lnput{ Results ] Help Problem I Pnthwuys.l’lnput[ Results I Help.
é- Parent Dose g| Deterministic RESRAD Web Site
+ 4 .
an Report Graphics i
Web Site: www.evs.anl.govjresrad
PI'Oany Dose Health Risk Ema“. resrad@aﬂl gov
Report Report . .
Press F1 to diplay help window. The
help window provides context
Uncertainty/ Probabilistic Analysis sensitive help when accessed from an
Graphics input field. Otherwise the content
screen is displayed. The index and
til Dose and Risk Report the find features can also be used to
ﬁ_. 2 Inputs Report search for help.

Figure 7. Iconic Navigator
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« Problem: This tab guides the user to set up a case in RESRAD-OFFSITE.
Each button brings up windows or forms to continue with the process.

« Pathways/Input: This tab allows the user to view and activate pathways.
Buttons for the pathways can be found in the three black boxes. Inhalation
pathways are above the person, and ingestion pathways are to the left. The
single external pathway is at the lower right. Input windows are accessed by
clicking on icons. Prompts appear to display what the icon means if the
Button Prompts option was selected from the View submenu.

* Results: The top two buttons give access to the main deterministic results in
report and graphical formats. The next two buttons open supplementary
reports. If an uncertainty analysis was run, three more buttons below the
purple line to provide access to the two reports and a set of graphics.

» Help: If the user operating system is connected to the Internet, this tab gives
the user access to the RESRAD Website and provides the address to which
users can e-mail questions for the RESRAD team.

3.4 Linked Input Forms

All the input forms that are relevant to the current analysis can be displayed in sequence by
using the forward and backward arrows in each form. The linked sequence begins in the About
RESRAD-OFFSITE window, which is displayed every time RESRAD-OFFSITE is launched.
This window is also accessible from the Help submenu (press Alt-H, then press A). The last
form in the sequence has the run command instead of a forward arrow; it issues the command
to perform the RESRAD-OFFSITE analysis using the current set of inputs. The sequence of the
forms is as follows: Title, Preliminary Inputs, Site Layout (and map interface), Source, Source
Release and Deposition Velocity, Distribution Coefficients, Transfer Factors, Set Pathways,
Reporting Times, Storage Times, Physical and Hydrological, Primary Contamination,
Agricultural Areas, Livestock Feed Growing Areas, Offsite Dwelling Area, Atmospheric
Transport, Unsaturated Zone Hydrology, Saturated Zone Hydrology, Water Use, Surface Water
Body, Groundwater Transport, Ingestion Rates, Livestock Intakes, Livestock Feed Factors,
Plant Factors, Inhalation and External Gamma, External Radiation Shape and Area Factors,
Occupancy, Radon, Carbon-14, Mass Fractions of Carbon-12, and Tritium. The last four forms
are displayed only if they are relevant to the current selection of nuclides. The forms are
described in the linked sequence in Section 4.
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4 INPUT FORMS

There are more than 30 input forms for entering the parameters that define the site data,
assumptions, site identification, and calculation specifications. Sections 4.1 through 4.30
describe each form in detail and have a description of each input on the form. Additional
information about each input can also be obtained by clicking the help command, F1, when the
cursor is in that input field. The RESRAD-OFFSITE predictions of dose and risk, dependent on
the values specified for the inputs on these forms. The sensitivity of the predictions to the value
of an input depends on the scenario being considered and the values of the other inputs. Hence
it is imperative that site-specific or site-appropriate values be used for all the inputs except for
those that are defined by the standard receptor. Most input is entered by keying numbers into
boxes, but some input is entered through list boxes, check boxes, and option boxes. Some
features common to all input forms are described here.

Saving Information to Memory
There are two levels at which information can be saved in RESRAD-OFFSITE. The first level is
to temporarily save the information to memory. This can be done with any of the following

commands:

« Command Buttons: Click on the Save button, Forward button, or Backward
button on the form.

* Menu: Select Form Options, then Save current form (Ctrl-K).
» Toolbar: Click on the Folder button.
Saving Information to File

The second level is to save the settings to a file. This can be done with any of the following
commands:

«  DOS-Emulator: Press the File button on the DOS-Emulator to activate the
File Options form. Then select Save or Save As.

* Menu: Select File, then either Save (Ctrl-S) or Save As (Ctrl-A).

» Toolbar: Press the Disk button to save to a file.

« Run: If any input form was exited with a save operation (as opposed to a
cancel operation), then the file will need to be saved to disk before
calculations are performed. This will perform a save, but not a save as.

Canceling Changes Made to a Form

The changes to the inputs in a form can be canceled if they have not yet been saved to
memory.

* Function Keys: Press the Esc key.
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« Command button: Click on the Cancel button on the form.
* Menu: Select Form Options, then Cancel current form (Ctrl-U).
« Toolbar: Click on the Canceled Folder button.

Saving Information to Memory and Opening Next or Previous Form

The information in a form can be saved to memory, and the next or previous form can be
opened by pressing the forward arrow or the backward arrow on each form, as appropriate.

Entering Numbers

Some input boxes may be grayed out (disabled) because they are not applicable

to the current case, either because some pathways have been turned off or because the
pertinent radionuclide was not chosen. Values representative of the site should be entered in all
input boxes that are active.

The default value and the bounds (upper and lower) of the selected parameter will be displayed
in the variable information bar. The value in the input box may be set to the default value or to
an upper or lower bound, as described below.

» Defaults: To set the selected parameter to its default, either select Form
Options and then Default from the Main Menu, or press the F6 function key.
While some default values (e.g., ingestion rates, inhalation rates) are
generally accepted values, others (e.g., field capacity, distribution coefficient)
are merely placeholder values.

+ Bounds: To set the selected parameter to its upper (or lower) bound, either
select Form Options and then UpperBound (or LowerBound) from the Main
menu, or press the F7 (F5) function key. These may be a physical bound
(i.e., the highest or lowest value that is applicable for the parameter because
of physical considerations) or simply a numerical bound imposed to prevent
the code from crashing.

Obtaining Help

Context-specific help will be shown anytime the F1 function key is pressed. For additional
sources of help, please refer to the Help section (Section 7) of this user’s guide.

Selecting a Parameter for Probabilistic or Uncertainty Analysis

Input parameters can be selected for inclusion in a probabilistic or uncertainty analysis by
pressing the F8 key while the cursor is in the input box for that parameter (see Section 6.2,
Uncertainty and Probabilistic Analysis). Some parameters are ineligible for uncertainty analysis,
either because it does not make sense to perform the analysis on those parameters, or because
of the unmanageable constraints imposed by interrelationships with other parameters.
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Selecting a Parameter for One-Parameter-at-a-Time Sensitivity Analysis

Input parameters can be selected for one-parameter-at-a-time sensitivity analysis by pressing
the F9 key while the cursor is in the input box for that parameter (see Section 6.1, Sensitivity
Analysis). Some parameters are ineligible for sensitivity analysis because it does not make
sense to perform a sensitivity analysis on those parameters.

Selecting a Parameter for Multi-parameter Sensitivity Analysis

Input parameters can be selected for inclusion in a multi parameter sensitivity analysis by
pressing Shift-F8 while the cursor is in the input box for that parameter. The selected
parameters can have a uniform distribution with a half range of 50%, 25%, 10%, 5%, or 0.1% of
the deterministic value on either side of the deterministic value, or a log-uniform distribution
ranging from 1/10 to 10, 1/5to 5, 1/3 to 3, 1/2 to 2, or 1/1.001 to 1.001 times the deterministic
value (see Section 6.2, Uncertainty and Probabilistic Analysis). Only the parameters that are
eligible for uncertainty analysis can be included in the Multi-parameter Sensitivity Analysis. The
sensitive parameters can be ranked using the standardized regression coefficient or the
standardized rank regression coefficient. Multi-parameter Sensitivity Analysis is discussed in
section 6.3 of this guide.
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4.1 Title

Title

Title: (RESRAD-OFFSITE Default Parameters |

Location of Dose, Slope and
Transzfer Factor Database: |E3"‘HESHAD_FAHILY\DEF\E-E

ICRF 30 based external. inhalation, and ingesztion dose convyersion factors

External exposure library |IEHP 60 J
Inhalation and Ingestion
dose library ICRP 72 (Adult] |
Slope factor [Risk] library |FEH 13 Morbidity j
Transfer factor library |HE5HAD Default Transfer factors j
Cut-off Half Life: |3|] days ﬂ Fofal Avadaide Noeckdes | 209
Fobal Mo DEF or 5F Moclides- | 8

Intermediate Time points

Humber of Points: | 2048 - {*) Linear Spacing

Minimum time increment between points [pear|{ A © Log Spacing

Update Progress of Computation Message every: |1, | Seconds

Use Line Draw Character =

Figure 8. Title Form

The title form (Figure 8) does not have a cancel feature. Any changes made to this form can be
reversed only by re-inputting the original inputs. None of the parameters in this form are eligible
for uncertainty analysis or for one-at-a-time sensitivity analysis.

Title: This box shows the text that describes the site/scenario being modeled. This identification
text will appear at the top of each textural report page. Note that the apostrophe character (‘)
cannot be used in the Title field or the code will crash.

Location of Dose, Slope, and Transfer Factor Database Library: This is the directory in
which the RESRAD dose, slope, and transfer factor database and editor are located. A common
dose, slope, and transfer factor database can be used by many of the RESRAD codes
(RESRAD [onsite], RESRAD-BUILD, RESRAD-OFFSITE), which makes any user-created
library accessible to all the codes. Therefore, the database file need not reside in the OFFSITE
directory; instead, it can be in a directory that is shared by the RESRAD family of codes.
Double-click on this input box to activate a file dialog form, then navigate to the directory in
which the database that you want to use is located. Open the database you want to use, and
the libraries available in that database will be displayed in the appropriate drop-down lists.

20



External Exposure Library and the Inhalation and Ingestion Dose Library: The dose
conversion factors in these libraries will be used for the current analysis. Libraries of dose
conversion factors can be set up by using the RESRAD Dose Conversion Factors Editor, which
is a standalone utility program common to the RESRAD family of codes. The libraries are stored
in a database file. The second drop-down list contains all the internal exposure dose conversion
factor libraries that are available in the current database; these include the standard RESRAD
FGR11 (Eckerman et al. 1988) and age-dependent ICRP72 (ICRP 1996) libraries and any
libraries created by the user. The library displayed in the first drop-down box for external
exposure depends on the library chosen in the second drop-down box for internal exposure. If
the ICRP 30 based internal exposure library, FGR 11, is chosen, then the external exposure
dose factors will be from FGR 12. The external exposure dose factors will be from ICRP 60 if an
ICRP60-based age-dependent internal dose library from ICRP72 is chosen. Both the internal
and external exposure dose factors will come from the user-created library when a user-created
library is selected.

Slope Factor Library: The slope factors (risk) in this library will be used for the current
analysis. Libraries of slope factors can be set up by using the RESRAD Dose Conversion
Factors Editor, which is a standalone utility program common to the RESRAD family of codes.
The libraries are stored in a database file. The drop-down list contains all the slope-factor
libraries that are available in the current database: the standard RESRAD FGR13 morbidity
(Eckerman et al. 1999), FGR13 mortality, the HEAST2001 morbidity libraries (EPA 2001), and
any created by the user.

Transfer Factor Library: The transfer factors in this library will be used for the current analysis
unless the values are changed in the nuclide-specific transfer factor form (Section 4.8). Libraries
of transfer factors can be set up using the RESRAD Dose Conversion Factors Editor, which is a
standalone utility program common to the RESRAD family of codes. The libraries are stored in a
database file. The drop-down list contains all the dose conversion factor libraries that are
available in the current database, including the standard RESRAD default transfer factor library
and any libraries created by the user. The RESRAD transfer factor library contains only one soil-
to-plant transfer factor for each nuclide, whereas the RESRAD-OFFSITE code can accept and
use different factors for the vegetation in each of the four different agricultural and farmed areas.
The transfer factors are site and species specific; the transfer factor form (Section 4.8) allows
these values to be changed for each input file without having to create a different library for
each site.

Cutoff Half-Life: The fate and transport of nuclides with half-lives larger than the specified half-
life are modeled explicitly by the code. Progeny nuclides with a half-life shorter than the
specified value are assumed to be in secular equilibrium with their immediate parent. The user
can select from the values in the list (180, 30, 7, or 1 day[s]) or type in any value that is not less
than 10 minutes. Only the nuclides that have a half-life greater than the cutoff half-life are listed
in the right scroll box on the Source form.

Informational Boxes: There are two informational boxes in this form. The first shows the
number of radionuclides in the current ICRP38 (ICRP 1983) database that have a half-life
greater than or equal to the current cutoff half-life. The second shows the number of such
nuclides that are lacking at one or more dose conversion or slope factors.
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Intermediate Time Points

* Number of Points: This shows the number of time points at which
concentrations, doses, and risks are computed. Because RESRAD-OFFSITE
can compute concentration and flux at any time on the basis of the
concentrations and fluxes computed at preceding times, and because the
code uses all the time points that fall within the appropriate exposure duration
to perform time integration of dose and risk, this parameter determines the
accuracy of the computed values. The number of points in the temporal
graphics will be set to this number. Straight line segments connect the points
in the curve. A larger number of times enables the code to compute offsite
accumulation, groundwater transport, and time integration of dose and risk
more accurately and will result in smoother plots. However, a larger number
will also increase the execution time. For most radionuclides, a number of
time points equal to about one-tenth to one-fifth of the prediction time horizon
should give results of sufficient accuracy. A greater number of intermediate
time points are required if the rate of release of a radionuclide changes
rapidly over time. The number of points shown must be such that a linear
approximation between the values of flux at those times is a good
representation of the actual temporal variation of the flux. The interval of time
between the intermediate time points must also not exceed the travel time in
any of the groundwater transport zones.

» Linear Spacing or Log Spacing: The spacing shows the manner in which
the intermediate time points are distributed over the time horizon. The time
horizon is the sum of the maximum user-specified reporting time
(Section 4.10, Reporting Times) and the exposure duration (Section 4.2,
Preliminary Inputs). The spacing may be linear or log.

1. Linear: If linear is chosen, the intermediate time points are spaced
uniformly (in an arithmetic sequence) between 0 and the time horizon.

2. Log: If log is chosen, the intermediate time points are spaced in a
geometric sequence (uniformly on a logarithmic scale) between the
specified minimum time increment and the time horizon. The spacing in
this case may be adjusted by the minimum time increment, as described
below.

*  Minimum Time Increment: In addition to being the first intermediate time
point under the choice of log spacing, as described above, this is also the
lower bound for spacing between intermediate time points of a geometric
sequence. Depending on the time horizon and the number of points, the
spacing between the intermediate time points can be very small at the
beginning of the geometric sequence. In order to avoid unnecessary
calculations, if the spacing is less than the specified minimum value, the
sequence of time points will then be modified to a linear sequence with the
minimum time increment, followed by a geometric sequence with a time
increment that is never less than the specified minimum.

Update Progress of Computation Message: The time needed to perform the RESRAD-

OFFSITE computations can range from a few minutes to a couple of hours, depending on the
number of intermediate time points, number of radionuclides, number and lengths of
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transformation chains, groundwater transport characteristics of the nuclides, and, in the case of
probabilistic analysis, number of realizations that are chosen. The FORTRAN computational
code periodically writes out a message indicating the progress of the computation to reassure
the user that computations are being performed and, in the case of probabilistic analysis, to
provide an estimate of the time required to finish the computations. This input box specifies the
frequency at which this message will be updated by the computational code and the frequency
at which it is sampled for display in the interface.

Writing the progress message can increase the total run time significantly. A “0.0" option is
provided to turn off message writing by computational code. This can reduce the run time of
probabilistic analysis. In this case, an estimate of the computation time will be made based on
the size of the output files.

Use Line Draw Character: MS LineDraw Font is recommended for use in the reports. This font
produces well-formatted tables and lines. If another font is desired, it is suggested that this box
be unchecked to substitute minus signs for the lines.

Forward Arrow Button: Save the current values, hide the Title form, and open the next form
(Section 4.2, Preliminary Inputs), all with one click of this button (or Alt-O). The same button
appears on all input forms to facilitate rapid movement through all the relevant input forms.

OK Button: Use this button to hide (i.e., minimize away from view) the Title form.

4.2 Preliminary Inputs

Preliminary Inputs

Radiological Units
Activity: |pﬂ|[ﬁi ﬂ
Dose: |m ﬂ|rem ﬂ

Baszic Radiation Doge Limit: IEI mremsyr

Exposure duration: years
Humber of Unzaturated Zones: |I| jﬂ

Default Releaze Mechanizm
{*} Yerzion 2 Releaze Methodology

{_) First Order Rate Controlled Release with Transport

{_) Instantaneous Equilibrium Dezorption Release

Save
- [

Cancel

Figure 9. Preliminary Inputs Form
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The preliminary inputs form (Figure 9) allows selection of dose units, the default release
mechanism and other parameters that determine the appearance of other input forms. It also
contains the two inputs which do not belong in any of the other input forms. None of the
parameters in this form are eligible for uncertainty analysis or for one-at-a-time sensitivity
analysis.

Radiological Units

» Activity: The drop-down boxes allow the user to choose the desired unit of
radiological activity. Available choices are curie (Ci), becquerel (Bq),
disintegrations per second (dps), and disintegrations per minute (dpm); the
first two can be combined with metric prefixes ranging from atto (107™'8)
through exa (10'®).

» Dose: The drop-down boxes allow the user to choose the desired unit of
radiological dose. Available choices are roentgen equivalent man (rem) and
sievert (Sv); these can be combined with metric prefixes ranging from atto
(10°"®) through exa (10'®).

Basic Radiation Dose Limit: This is the annual radiation dose limit used to derive all site-
specific soil guidelines.

Exposure Duration: This is the length of time that the receptor is exposed to radiation at this
site. Values reported for risk are time-integrated over this exposure duration. The risk is
calculated by using the trapezoidal formula on contaminated intakes computed at all the
intermediate time points falling within the exposure duration and at the intermediate time point
that is just outside the exposure duration. Dose is time integrated over 1 year or the exposure
duration, whichever is less. (Given the current lower bound of 1 year on the exposure duration,
dose is currently integrated over a 1-year period.)

Number of Unsaturated Zones: This is the number of partially saturated layers between the
primary contamination and the saturated zone. The code has provisions for up to five different
horizontal strata.

Default Release Mechanism: Two additional release mechanisms were introduced in

Version 3.1. These release mechanisms are discussed in Section 4.6. The default mechanism
specified in this form when a nuclide is selected for analysis will be used as the release
mechanism for that nuclide. Changing the release mechanism for each nuclide after adding all
the nuclides is tedious. If a file contains many nuclides it would be more convenient for the user
to specify a release mechanism here and then add in the source form all the nuclides that will
use the selected release mechanism. Then a different release mechanism can be selected in
this form before continuing to add the nuclides that will use the newly selected release
mechanism.
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4.3 Site Layout

Site Layout
Bearing of X axis [clockwize angle from Morth] a0 deqgrees
¥ dimension of Pnimary Contamination 100 meters
Y dimension of Primary Contamination 100 meters
Smaller Larger Smaller Larger
Location ¥ Coordinate Y Coordinate
Fruit, grain, non-leafy vegetables plot | 34 375 65.6259 234 266 meters
Leafy vegetables plot 34 375 65.625 268 300 meters
Pasture, Silage growing area 1] 100 450 L] meters
Grain fields 1] 100 300 400 meters
Dwelling site 34.375 65.625 134 166 meters
Surface- water body -100 200 550 850 meters
Display Map
Save
Cancel

Figure 10. Site Layout Form

The site layout form (Figure 10) allows numerical input of site dimensions. The map interface
(Section 4.4) can be used to input the same information in an interactive graphical fashion. The
site layout form is appropriate when measured or computed lengths are available, and it is likely
to be a quicker way to specify the dimensions of the site. The interactive map interface is
appropriate when visible features in the map are to be used to define the various areas.
Uncertainty and sensitivity analysis can be performed on any parameter on this form.

The inputs on this form are used by the atmospheric transport module, the direct external
exposure from the primary contamination module, and to compute the areas of primary
contamination and the offsite locations of secondary contamination. The atmospheric transport
model assumes that the primary contamination and the offsite locations of secondary
contamination are rectangular in shape and that a pair of sides of each of the rectangles is
oriented in the same direction. The two sides of the primary contamination that meet at the
lower left corner are the axes of the
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Y axis coordinate system. Each offsite
area is defined by the four

Larger Y|coordinate of offsite area ; o
coordinates as shown in figure 11.

Smaller Y coordinate of offsite area These can be thought of as the
coordinates of the sides of the
offsite area.

:rs];':;”:;i?a‘;:ination Bearing of X-axis: This is the
00 X axis clockwise angle from north to the
N direction of the positive X-axis.
X dimension of
primary contamination X Dimension Of the Primary

Contamination: This is the length

of the side of the idealized primary

contamination that is parallel to the

Figure 11. The coordinate system used in X-axis, the length of the lower side.
RESRAD-OFFSITE.

Smaller X coordinate of offsite area
Larger X coordinate of offsite area

Y Dimension of the Primary Contamination: This is the length of the side of the idealized
primary contamination that is parallel to the Y-axis, the length of the left side.

The X Coordinates of an Offsite Area: These are the X coordinates of the two sides that are
parallel to the Y-axis. When the save command or one of the form linking arrow commands is
issued, the code will compare the two X coordinates of each area and interchange them if the
larger value is entered in the column for the smaller value, and vice versa.

The Y Coordinates of an Offsite Area: These are the Y coordinates of the two sides that are
parallel to the X-axis. When the save command or one of the form linking arrow commands is
issued, the code will compare the two Y coordinates of each area and interchange them if the
larger value is entered in the column for the smaller value and vice versa.

All the information that has been entered and saved in the site layout form will be reflected in
the display map. Conversely, the position and size that have been set and accepted in the map
interface will be reflected in the site layout form.
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4.4 Map Interface

Map Interface
Y axis I .
Gr
‘ ¥ axiz
: : m Trace Accept Changes | Cancel Changes | Print |
Set Scale Groundwater ‘ Accept Changes Cancel Changes
QEIEE[ st Q Flow Line and Close and Close ey

Figure 12. Map Interface

The map interface (Figure 12) can be used to position and, where appropriate, size the objects
and directions of interest in RESRAD-OFFSITE (primary contamination, offsite dwelling, well,
surface water body, agricultural fields, direction of groundwater flow, and direction of north),
either by dragging and dropping or by resizing the corresponding icons. Alternatively, the map
interface can be used to view the layout that was specified in the standard input forms (site
layout form, Section 4.3, and groundwater transport form, Section 4.21). It can also be used to
access the forms specifying the properties of the locations represented by each icon, by right-
clicking the icon opens the corresponding form. The forms that are linked to the icons are in the
Table 1.
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Table 1. Icon Identification

Icon

Form, Section in User’s Guide

N

Site layout, Section 4.3

Radioactivity

Primary Contamination, Section 4.13

Cow

Livestock Feed Growing Areas,
Section 4.14

Leaf or fruits

Agricultural Areas, Section 4.14

House

Offsite Dwelling Area, Section 4.15

Well

Saturated Zone Hydrology, Section
4.18

Blue
circle/ellipse

Surface Water Body, Section 4.20

GwW

Groundwater Transport, Section 4.21

The process for using the map interface is as follows:

1. View map interface form.

2. Add a background image (using Get Image button).

3. Set the scale (using the Set Scale button) on the basis of a known distance in

the background map.

4. Move and size the radioactivity icon to define the location of the primary

contamination.

5. Move and size the other icons to define the corresponding locations. The GW
(groundwater flow direction) and N (North) icons indicate direction; they
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cannot be resized, because size has no meaning for the direction. The well
cannot be resized because the diameter of the well is not an input.

6. Trace the groundwater flow line passing through the center of the primary
contamination, if that information is available.

7. Click on the Accept Changes button.

8. The image location, scale, and object locations will be written to the input file
when the RESRAD-OFFSITE file is saved. This information is used to display
the map image and the icons when the input file is opened at a later time.

Details on Using Map Interface

Steps 2 through 8 are described in greater detail below.

Step 2 (in detail): To get an image, click on the Get Image button and navigate to an image
(bitmap, metafile, enhanced metafile, JPEG, or GIF file) of the site that is large enough to
contain all the objects of interest and open it.

» Click on the Get Image button on the map interface. A file dialog box will pop
up (Figure 13).

» Use the file dialog box to navigate to the directory containing the image,
typically the same folder that contains the RESRAD-OFFISTE input files (for
example, the highlighted folder, “Userfiles,” in the figure 13).

» Double-click the file to be opened (for example, the highlighted file,
“HypotheticalSuburbanResidentGroundwaterFlog.jpg,” in the figure 13).
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& Open =
GC [l » Computer » LocalDisk(C:) » RESRAD_Family » OFFSITE » 31 » Userfiles » ~ | 42 || Search Userfites £
Organize v New folder = 0 @
. ProgramData “  MName Date modified Type Size
J |i=| HypotheticalSuburbanScenarioAerial JPG 8/25/2008 115 AM  JPEG image 186 KB
S =] HypotheticalSuburbanScenarioTopagraphic JPG 8/25/20081:15 AM  JPEG image 180 KB
L LR =] HypotheticalSuburbanScenarioOutline JPG 8/25/20081:14 AM  JPEG image 55 KB
' BULD || HypotheticalSuburbanResidentGroundwaterFlog.jpg 1/24/2008 1:53 PM  JPEG image 30 KB
e . Workbook 9/25/2013315PM  File folder
i OZFSSHE . workshop 8/23/201311:16 AM  File folder
y 2.7
. 27beta
| 30beta =
. 3.0betaFebl3
. 30betatoo
031
. Metfiles
. previous
. QAfiles
. September 2013 work
. Userfiles
. Workbook + | [T} r
File name: HypotheticalSuburbanResidentGroundwaterFlog.jpg - ’AIIPictureFiIes v]

[ open v [ cancel |

Figure 13. Map Interface Dialog Form
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Step 3 (in detail): Find the scale on the map or find two points on the map that are a known
distance apart (these points should be as far apart as possible). Move each of the two blue
arrows to a different point; if using the scale, move each blue arrow to a point on either end of
the scale. Enter the distance (in meters) between the arrows in the entry box above the Set
Scale button, then click the Set Scale button. In the example illustrated in Figure 14, it is better
to set the scale using the Y-axis and the right edge of the surface water body (a distance of
1250 m) than to use the two points denoting the scale distance of 106 m on the map. This
reduces the error that results from not placing the blue arrows exactly where you intended.

Map Interface
Y axis I .
Harth Grouncwater flow
lime throuah center.
Lake af prirnary S
A0 % 300 m cnntaminatiu/r]/
.
i
.'/
o
Pasture
200 rn x 200 -
Livesfack fefd grain
_Hfnmt 0gym
L;;ﬁ"“" M anleafy
f_/,u stshia=]™ “Tvegetzhizs
o % “Ulrmxudm
_ Well st Couth | ggwellirgn
e B Wrest carmer of mxalm
e = g dwelinglol by
. ke
Primary
Contamination
200mx 200 m ".r
“Q6m X pxis
—
Get Image Trace ‘ Accept Changes | Cancel Changes | Print |
Groundwater
. Accept Changes Cancel Changes
M Flow Line and Close and Close M

Figure 14. Setting the Scale in the Map Interface
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Step 4 (in detail): Left-click on the source icon (the yellow and black radiation symbol) and drag
it to the location of the primary contamination. Move the sides of the icon to expand or shrink it
to cover the entire primary contamination. Notice that all the other icons that represent exposure
locations and directions move with the source icon (Figure 15). This is why it is necessary to
locate the primary contamination before locating any of the other icons.

Map Interface

Y axis I .
Marth Grouncwater flow

line through center.

l Lake of primary //
300m % 300 m cnntaminatiu/n/
rd
i
.-'/
.
Pazture

200 mx2004m-"

Li_'grasfackfesd Arain
Ao mon0dm

L?r;}ﬁf N
nleaty
= |-+ -1
,./'u shehlis] Wegetshias
1003 i w| DUmET00m
" wWellatSouth | ™ Dwelirg
e Wiest camer of S0mxs0m

dwyeling ol bs0m

Peimany
Contamination ¥ pxis
200r% 200 m

“O6m

Get Image 1250 m Trace Accept Changes | Cancel Changes | Print |
s Groundwater
Clear Image = = ‘ Help

Accept Changes Cancel Changes

Flow Line and Close and Close

Figure 15. Locating and Sizing the Primary Contamination on the Map Interface
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Step 5 (in detail): Left-click on each of the other objects in turn and drag them to the appropriate
locations (Figure 16). Expand or shrink each icon (by moving its sides) to cover the entire area it
represents. The GW icon, which indicates the direction of the groundwater flow from the source;
the N icon, which indicates north; and the Well icon cannot be resized. If an icon does not

appear on the map interface, it can be moved onto the map by specifying its location in the site
layout form (Section 4.3).

Map Interface
Y axis I .
Morth Grouncwater flow
line through center.
of prirmary i
cnntaminatiu/n/
rd
P
.-'/
’ .-'/'
m
= Ed Jrain
. = m
L';g%'“" M arleafy
{_e_,-f-u stsbl3 Vegetzhlas
GW 1003 vl S5 [ IUmx Tl m
s wiell st Coutr BB N Dwellirg
: = Wiggt comer of S0 mxal m
_,-—""'_'_H-F i
‘,.‘ — dwelinglol  bagm
Primary )
Cortamination X pxis
200r% 200 m
“O6m
— e
Get Image Trace Accept Changes | Cancel Changes | Print |
Groundwater
Clear Image Flow Line ‘ Ac:-::.;ﬁ [[::I’; :;:ges Ear;:::-:: E:::sréges Help

Figure 16. Locating and Sizing the Offsite icons on the Map Interface
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Step 6 (in detail): Click on the Trace Groundwater Flow Line command button if the path of the
groundwater flow line through the center of the primary contamination is available. The icons
representing the various locations will be removed, providing a clutter-free map on which to
trace the flow line (Figure 17). A curved groundwater flow line must be approximated by up to
10 linear segments. Use the following procedure to trace the curved path on the map interface.

» Grab the large GW icon and move it to the first approximately linear portion of
the flow line; the small GW icon is anchored to the center of the primary
contamination and cannot be moved.

Map Interface
Y anis
Morth Grauncwater flo
line through center.
Lake of prirnary A
300 % 300 m cnntaminatm/n./
=
.'/ !
A

Pasture

200 m x 200~

Li_\,r:eslack fefd grain

200 o 1004m
L;;/N, Marleafy
,_/'u stahla= ™ “Tvegetznizs
1001 _.,_--"'J % Ul Tl m
e Wigll 5t South Diwvellirg
e Wost comer of 50 x50 1
_GW- ;
1 dwelinglol  bep
=)
Pirnanry
Contamination X puiz
200mx 200 m
“O6m
— g
I:DII'IDI.IlB and Cancel
Mew Flow Line Extend Flow Display Flow éKteerI [Zh.?_r:ngesé Changes to Help
Line Distances ;o Tlow Hne Flow Line

Figure 17. Tracing a Groundwater flow line on the Map interface, first segment

« Click on the Extend Flow Line command button to fix the position of the GW
icon that you just moved and use it to define the next linear approximation of
the flow line; grab and move the new large GW icon to define the second
approximately linear portion of the flow line. Continue in this fashion to define
the flow line with up to 10 linear segments (Figure 18).
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Map Interface
Y axnis
M arth Grouncwater o W
line through center.
Lake of prirnary I;;I..‘r’
300 300 m cnntaminatign.»
rd
=1
."/
>4
Pasture i
200 rn x 200 -
B
Li_'-;:aafackfe Ed Jrain
G..rffnu Frac 1 0
L';? : Manle afy
L “rvegetsnizs
1007 I w| OUmETID M
v Wiell at South | Dwellirg
e Wegt comer of S0mx50m
Az :
L dvvelling 1ol bal m
o
Frirmary 1
Contamination X pxis
200 % 200 m
“06m
— A=
................................. Compute and Cancel
q TExtend Flow - K.eep Changes
Mew Flow Line i ! Dizplay Flow h Changes to Help
H— I— me ...} Diztances ‘ to Flow Line Flow Line

Figure 18. Tracing a Groundwater flow line on the Map interface, last segment

« Click on the Compute and Display Flow Distances command button if you
wish to see the lengths and location of the transport distances. If not, skip to
the next step.

The transport distances to the well and the surface water body will be
displayed on top of the corresponding icons (Figure 19).
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» Click on the Well option and then on the “up down” arrow control to see the
bottom of the perpendicular from the well to the flow line. If it is possible to
draw perpendiculars from the well to more than one of the line segments, the
up down arrow control can be used to scroll over all of these possibilities and

to view the corresponding distances.

» The same procedure can be repeated after clicking on the Surface water
body option to see the bottom of the perpendicular from the center of the
surface water body to the flow line.

Map Interface
Y axis
Marth Grouncwater flow &y
ling 1_hmuuh center.
1190, 190.7. 4905  CTRrman gy
cnntammatm/r].'
4
G
."/
o
Fasture i
200mx200m-"
B
Li};esfacl-:fe o jrain
G.'.fffnu fr el 00
Le o
g | Blonleafy
Ll “Tegetzhizs
- U TIOm
2 10031 7w .
— - Wall ot Coutt SR ™ Dwelirg
) e Wiest ramner of a0 mxal m
=T !
‘.‘ e dwelinglol  beg
Peiman I
Contamination X pxis
200mx 200 m
“O6m
—
M Flow Li
ew ow Line R ] 5u|facg K Eh Eancel
i« Well == ( Water tEEII_-JI EI'_'-IQES Changes to Help
Extend Flow i Body 0 Flow Line Flow Line
Line

Figure 19. Groundwater transport distances computed by Map Interface
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Click on the Keep Changes to Flow Line button (Figure 19) to preserve the
flow line that was defined in the preceding steps and to return to the view of
the map that displays all the icons.

Map Interface
Y axis I .
Morth i : Grouncwater o dy
_ ] line through centar.
—_—— = of prirmary e
i —C cnntaminatiu/r]/
— " P
i
."/
G
i
e
“Fd arain
& ¥ T o
Leafe ..~
?ng’eMsm; "E W-{fjn'efﬁ
B egetzhias
1003 il S5 [ OTrmx T m
T el st Coutt BB N Dwellirg
) fg--wf’f West romer of A mxal m
‘.‘ ime Y dwelinglol  beg
Peimany
Contamination X pxis
200y 200 m
“O6m
Get Image 1250 m Accept Changes Cancel Changes Print
Trace
Set Scale Groundwater ‘ Accept Changes Cancel Changes
M Flow Line and Close and Close Help

Figure 20. Fully Defined Map Interface

Step 7 (details): Be sure to click on either of the Accept Changes buttons (Figure 20) if you want
to save all the locations and directions that you defined in the map interface.
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» The location and transport distances specified in the map interface will be
transferred to the appropriate forms when changes are accepted. These
forms include the site layout form (Section 4.3), the primary contamination
form (Section 4.13), the groundwater transport form (Section 4.21), and the
external radiation shape and area factors form (Section 4.26). The numbers
that were transferred to the site layout form for this example are shown in
figure 21 to illustrate their deviations from the dimensions used to draw the
figure. These deviations occur because of the difficultly of placing the location
and scale icons exactly in the correct positions.

Site Layout
Bearing of X axis [clockwise angle from Morth) a0 deqgrees
X dimension of Primary Contamination 2048 meters
Y dimension of Primary Contamination 210.8 meters
Smaller Larger Smaller Larger
Location * Coordinate Y Coordinate
Fruit, grain, non-leafy vegetables plot | 1156 1256 307.2 407.4 meters
Leafy vegetables plot 1053 1153 307.2 4106 meters
Pasture, Silage growing area 1055 1253 51119 7125 meters
Grain fields 1055 1250 407.7 RO7.7 meters
Dwelling zite 1002 1054 256 a1 meters
Surface- water body 955.3 1285 7171 1017 meters
Dizplay Map
Save
Cancel

Figure 21. Site Layout Form

« Any changes made in the map interface since they were last accepted will be
lost if you click on either of the two Cancel Changes buttons (Figure 20).
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Step 8 (details): The image location, scale, and object locations will be written to the
input file when the RESRAD-OFFSITE file is saved. This information is used to display
the map image and the icons when the input file is opened at a later time. If the input file
is being sent to a different computer, the image files should also be sent in order for it to
be displayed on that computer. The Get Image command may need to be used on the
receiving computer after opening the input file if the structures and/or the names of the
RESRAD-OFFSITE directories are different on the two computers. If the image file is not
sent, the image of the map cannot be displayed; however, the icons will be in their
specified locations, so the analysis will yield the same results.
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4.5 Source (Initial Concentrations of Radionuclides at Site)

I !

Source
Muclide Concentration: ICI pCifg
List of Huclides Present List of Huclides
at the Site in Databasze
C-14 100 Add Nuclide | Sb-125 -
H-3 100 Se-79
Fb—-210 1] = S5i-32
Ra-226 100 Delete Nuclide | Sm-145
Ra—228 100 Sm-146
Th—228 1] - Sm-147
Release and Air ransport | Sm-151
5n-119m
Distribution Coefficients | Sn-121m
Sn-126
Sr-90
Ta-179
Ta-180
Transzfer factors | Tb-157
Th-158 =
Te-97
All nuchde factors ‘ Tc-98
Tec-99
Te-123 %
P T -

Figure 22. Source Form

The Source form (Figure 22) does not have a cancel feature. Any changes made to this form
can be reversed only by re-inputting the original inputs.

An uncertainty analysis can be performed on the concentration of any nuclide that has a
nonzero initial concentration. This can be done by clicking on the nuclide in the left scroll box
(List of Nuclides Present at the Site) and then pressing the F8 key. Only positive values can be
sampled for the concentration. A discrete distribution that produces a zero value should not be
used because it will cause the code to crash. One parameter at a time sensitivity analysis
cannot be performed on the concentration because the response is known to be directly
proportional to concentration under all release models of RESRAD-OFFSITE.

List of Nuclides in Database: This list (in the right scroll box) shows all the radionuclides in the
database that have a half-life greater than the cutoff half-life selected in the Title form. Any
nuclides that are lacking one or more of the dose or slope factors are flagged with a “No DCFs”
comment on the side. This notifies the user that these nuclides cannot be analyzed unless a
library with a nonzero dose and slope factors is selected.
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List of Nuclides Present at the Site: This list (in the left scroll box) shows radionuclides that
will be explicitly considered in the current analysis. It includes all radionuclides that were
specified to be initially present at the site and their principal nuclide progeny (see cutoff half-life
in the Title form). Although the fate and transport of any associated radionuclides will not be
modeled explicitly, their contributions to dose and risk will be included on the basis of the
assumption that they are in secular equilibrium with their principal radionuclide parent.

Add Nuclide: To add a radionuclide, either click on its name in the right scroll box and then
click the Add Nuclide button, or just double-click on its name in the right scroll box. The
radionuclide will be added to the left scroll box with a concentration specified in the top center
input box. All potential decay products will be added to the left scroll box with a default
concentration of zero if they are not already present.

Delete Nuclide: To delete a radionuclide, click on its name in the left scroll box and then click
on the Delete Nuclide button. All potential decay products that arise only from the deleted
radionuclide and have an initial concentration of zero will also be deleted automatically.

Nuclide Concentration: This is the radionuclide concentration averaged over an appropriate
depth and area. See Section 3.3 of the RESRAD (onsite) Manual and the RESRAD Data
Collection Handbook for more details.

« To change the concentration of a radionuclide that is in the left scroll box:
Click on the radionuclide in the left scroll box and type in the concentration.

« To change the default concentration when adding new radionuclides: Click on
the right scroll box, then enter the concentration in the top center box. To add
radionuclides with this concentration, see above description.

Accessing Other Related Forms

The three command buttons on this form, which are listed below, provide access to the three
forms that contain the radionuclide-dependent inputs. Alternatively, the first form can be opened
by clicking on the forward arrow button on this form, and then the other two forms can be
accessed by continuing to use the forward arrow buttons on the successive forms. If the
computer monitor is large enough (17 inches or more diagonally), all of these forms can be
viewed simultaneously by clicking on the All Nuclide Factors button. All three forms can also be
accessed by double-clicking on the radionuclide name in the left scroll box.

Source Release and Deposition Velocity: Use this button to specify the release mechanism,
the parameters of the release mechanism, and the temporal variation of nuclides eligible for
release, as well as to specify the deposition velocity of the material with which the nuclide is
being transported in the atmosphere. This opens the Source Release and Deposition Velocity
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form (Section 4.6). As discussed in Appendix A, it is also possible to override the source term
module of RESRAD-OFFSITE.

Distribution Coefficients: Use this button to open the Distribution Coefficients form
(Section 4.7).

Transfer Factors: Use this button to access the Transfer Factors form (Section 4.8).
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4.6 Source Release and Deposition Velocity

Source Release and Deposition Velocity

Radionuclide Ra-226 jl Element Ra

Release to ground water

¥erzion 2 Release Methodology:

Save

Deposition velocity

Cancel

N
- -

Specify First Order Leach Rate: | g fyear
Usze Distribution Coefficient to Estimate First Order Leach Rate: | 70 cclfg
@ O
Time at which radionuclide first becomes releaszable [delay time] |0 years
Fraction of radionuclide bearing material that iz initially releasable | 1
Time over which transformation to releasable form occurs 1] years
Total fraction of radionuclide bearing material that iz releasable 1
@
O
Imitial Leach Rate | g fyear
Final Leach Rate | g fyear
Distribution Coefficient in the contaminated zone: | 70 ccfg
Release to Atmospheric
@ O
Atmospheric transport
mfs

Figure 23. Source Release and Deposition Velocity Form

RESRAD-OFFSITE offers a choice of three release mechanisms: Version 2 release
methodology, first-order rate-controlled release with transport, and instantaneous equilibrium
desorption release. The temporal variation of the eligibility of nuclides for release can be
specified for the latter two release mechanisms. Uncertainty and sensitivity analysis can be
performed on any parameter on the Source Release and Deposition Velocity form (Figure 23).

Version 2 Release Methodology: This was the only release mechanism available in RESRAD-
OFFSITE through Version 2.6; it is based on the release mechanism of RESRAD (onsite) code.
If a nonzero first-order leach rate is specified, it will be used to compute the contaminant

concentration in the region of primary contamination and the releases to groundwater. Because
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the contaminant concentration in the primary contamination contributes to the releases to the
atmosphere and to surface runoff, the leach rate indirectly affects those two releases as well. If
a zero is entered, the code will estimate a release rate on the basis of the equilibrium desorption
concentration using the specified distribution coefficient (Figure 24).

P

Source Release and Deposition Velocity

Radionuclide Ra-226 il Element Ra

Release to ground water

Version 2 Helease Methodology

Specify First Order Leach Rate: |[[i] fyear
Usze Distribution Coefficient to Estimate First Order Leach Rate: | 70 cclg
@ O
Time at which radionuclide hirst becomes releasable [delay time] |0 years
Fraction of radionuclide bearing material that is initially releasable | 1
Time over which tranzformation to releazable form occurs 1} years
Total fraction of radionuclide bearing material that is releazable 1
]
o
Initial Leach Rate | 0 fyear
Final Leach Rate | 0 fyear
Distnibution Coefficient in the contaminated zone: | 70 ccifg

Release to Atmospheric
O] o

Atmospheric transport

Deposition velocity mis

Save

=
- -

Cancel

Figure 24. Specifying Inputs for Version 2 Release Methodology

First-Order Rate-Controlled Release with Transport: The radionuclides that are released
from material at the top of the primary contamination need to travel the entire depth or thickness
of the primary contamination before they become part of the release from the primary
contamination. Those radionuclides that are released from material at the bottom of the primary
contamination immediately become part of the release from the primary contamination. This
mechanism, which can be selected as shown in Figure 25, extends the Version 2 methodology
by considering the travel time of the radionuclides within the primary contamination.
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Source Release and Deposition Velocity

Radionuclide Ra-228 il Element Ra

Release to ground water

[[] ¥ersion 2 Release Methodology

Specify First Order Leach Rate: | fpear

Usze Distribution Coefficient to Estimate First Order Leach Rate: | 70 cclfg

Radionuclide bearing material becomes releazable

{*3 Linearly over time {7) Stepwise in time
Time at which radionuclide first becomes releasable [delay time] | 0 years
Fraction of radionuclide bearing material that is initially releazable | q
Time over which transformation to releasable form occurs 1} years
Total fraction of radionuclide bearing material that is releasable 1
Release mechanizm
{+} First Order Rate Controlled Release with Transport:
{Z) Instantaneous Equilibium Desorption Releasze
Initial Leach Rate | 001 fyear
Final Leach Rate | po1 fyear
Distribution Coefficient in the contaminated zone: | 70 cclfg

Release to Atmospheric
Radionuclide becomes available for release

{*} in the zame manner as for release to groundwater ) Beginning at time zero

Atmospheric transport

Deposition velocity mis

Save

=
- -

Cancel

Figure 25. Specifying Inputs for a First Order Rate Controlled Release with Transport

First-Order Rate-Controlled Release with Transport, with Radionuclide-Bearing Material
Becoming Available for Release Linearly over Time: It is possible to specify a release where
the radionuclide-bearing material becomes susceptible to release linearly over time. In the
example in Figure 26, the radionuclide-bearing material is intact and does not release nuclides
for a period of 200 years. At that time, the radionuclides in 25% of the material become
available for release. Over the next 100 years, the nuclides in an additional 65% of the material
become available for release, with the percentage of release susceptible material increasing
linearly over time from 25% to 90%. The leach rate increases linearly over time from the initial
leach rate (0.001/year in this example) to the final leach rate (0.002/year in this example).
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Source Release and Deposition Velocity

Radionuclide Ra-??8 i‘ Element Ra

Release to ground water

[] ¥ersion 2 Releaze Methodology

Specify First Order Leach Rate: | o fyear

Usze Distnbution Coefficient to Estimate First Order Leach Rate: | 70 cclg

Radionuchide beanng matenal becomes releasable

{7} Stepwize in time

Time at which radionuclide first becomes releazable [delay time]) | 200 Pears

Fraction of radionuclide bearing material that iz initially releazable | 25

Time over which tranzformation to releazable form occurs 100 pears

Total fraction of radionuclide bearing matenal that is releasable q

Release mechanizm
{*} First Order Rate Controlled Releaze with Transport

{7 Instantaneous Equilibrium Desorption Release

Initial Leach Rate | 001 fyear
Final Leach Rate | _pp? fyear
Distribution Coefficient in the contaminated zone: | 70 cclg

Release to Atmospheric
Radionuclide becomes available for release

{*} in the same manner as for releasze to groundwater ) Beginning at time zero

Atmospheric transport

Deposition velocity mfs

Save

=

-

Cancel

4l

Figure 26. Specifying Inputs for a First Order Rate Controlled Release where the
Radionuclide-Bearing Material Becomes Susceptible to Release Linearly
over Time

First-Order Rate-Controlled Release with Transport with Radionuclide-Bearing Material
Becoming Available for Release Stepwise over Time: It is possible to specify a release
where the radionuclide bearing material becomes susceptible to release stepwise over time. In
the example in Figure 27, the radionuclide-bearing material is intact and does not release
nuclides for a period of 200 years. At that time, the radionuclides in 25% of the material become
available for release, and the nuclides in this fraction of the material are released at the initial
leach rate. After another 100 years, at year 300, the nuclides in an additional 65% of the
material become available for release. The nuclides in this fraction of material are released at
the final leach rate. The leach rates from the two fractions of material do not vary over time.
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Source Release and Deposition Velocity

Radionuclide Ra-2?28 i‘ Element Ra

Release to ground water

[] ¥ersion 2 Releaze Methodology
Specify First Order Leach Rate:

Usze Distribution Coefficient to Estimate First Order Leach Rate:

Radionuclide bearing material hbecomes releazable

{J Linearly over time

Time at which radionuchde first becomes releazable [delay time]
Fraction of radionuclide bearing material that iz initially releasable
Time over which transformation to releasable form occurs

Total fraction of radionuclide bearing material that is releasable

Release mechanizm
{*) First Order Bate Controlled Belease with Transport

{7 Instantaneous Equilibrium Desorption Belease
Initial Leach R ate

Final Leach Rate

Distnbution Coefficient in the contaminated zone:

il

200

25

100

001

-no2

i

fyear
cclfg

years

years

fyear
fyear
cclg

Release to Atmospheric
Radionuchde becomes available for release

{#) in the zame manner az for releaze to groundwater {3 Beginning at time zero

Atmospheric transport

Deposition velocity mfs

Save

e =

Cancel

time
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Figure 27. Specifying Inputs for a First Order Rate Controlled Release where the
Radionuclide-Bearing Material Becomes Susceptible to Release Stepwise over

Instantaneous Equilibrium Desorption Release: In this release mechanism, the radionuclides
are modeled as being released instantaneously from the radionuclide-bearing material (Figure
28). The radionuclides are then transported through the primary contamination according to the
specified distribution coefficient. If the primary contamination is conceptualized as a mixture of
soil and an ion-exchange medium on which the radionuclides are adsorbed, then weighted




average values need to be input for the distribution coefficients and the physical characteristics
of the primary contamination.

Source Release and Deposition Velocity

Radionuclide Ra-228 i‘ Element Ra

Release to ground water

[[] ¥ersion 2 Release Methodology
Specify First Order Leach Rate: (g fyear

Usze Diztnbution Coefficient to Estimate First Order Leach Rate: | 70 ccifg

Radionuclide bearing material becomes releasable

{*} Linearly over lime {3 Stepwise in time
Time at which radionuchde first becomes releasable [delay ime] | 0 PEars
Fraction of radionuclide bearing material that iz initially releazable | 1
Time over which transformation to releazable form occurs 1} years
Total fraction of radionuclide bearing matenal that is releasable 1
Releasze mechanism
{3 First Order Rate Controlled Release with Transport
{+) Instantaneous Equilibrium Desorption Belease!
Initial Leach Rate | D fyear
Final Leach Rate | g fyear
Distribution Coefficient in the contaminated zone: | 70 ccifg

Release to Atmospheric
Radionuclide becomes available for release

{*} in the same manner as for release to groundwater ) Beginning at ime zero

Atmospheric transport

Depozition velocity mds

Save

=
— -

Cancel

Figure 28. Specifying Inputs for an Instantaneous Equilibrium Desorption Release

Instantaneous Equilibrium Desorption Release with Radionuclide-Bearing Material
Becoming Available for Release Linearly over Time: It is possible to specify a release where
the radionuclide-bearing material becomes susceptible to release linearly over time. In the
example in Figure 29, the radionuclide-bearing material is intact and does not release nuclides
for a period of 200 years. At that time, the radionuclides in 25% of the material become
available for release. Over the next 100 years, the nuclides in an additional 65% of the material
become available for release, with the percentage of release susceptible material increasing
linearly over time from 25% to 90%. The radionuclides are released by partitioning between the
solids in the soil and the soil moisture according to the specified distribution coefficient.
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Source Release and Deposition Velocity

Radionuclide Ra-228 i‘ Element Ra

Release to ground water

[] ¥ersion 2 Release Methodology

Specify Fust Order Leach Rate: | 0 fyear
Usze Distribution Coefficient to Estimate Furst Order Leach Bate: | 70 cclg

Radionuclide bearing material becomes releasable

{Z) Stepwize in time

Time at which radionuclide first becomes releazable [delay time] | 200 years

Fraction of radionuclide bearing material that iz initially releazable | 25

Time over which transformation to releazable form occurs 100 years

Total fraction of radionuclide bearing material that is releasable q

Release mechanizm
) First Order Rate Controlled Release with Transport

(*) Instantaneous Equilibrium Desorption Release

Imtial Leach Rate | 0 Jyear
Final Leach Rate | g Jyear
Distribution Coefficient in the contaminated zone: | 70 cclg

Release to Atmospheric
Radionuchde becomes available for release

{*) in the same manner as for release to groundwater () Beginning at time zero

Atmospheric transport

Deposition velocity mis

Save

s
; Cancel -

Figure 29. Specifying Inputs for an Instantaneous Release where the Radionuclide-
Bearing Material Becomes Susceptible to Release Linearly over Time

Instantaneous Equilibrium Desorption with Radionuclide-Bearing Material Becoming
Available for Release Stepwise over Time: It is possible to specify a release where the
radionuclide-bearing material becomes susceptible to release stepwise over time. In the
example in Figure 30, the radionuclide-bearing material is intact and does not release nuclides
for a period of 200 years. At that time, the radionuclides in 25% of the material become
available for release. After another 100 years, at year 300, the nuclides in an additional 65% of
the material become available for release. The radionuclides in both fractions of material are
released by partitioning between the solids in the soil and the soil moisture according to the
specified distribution coefficient.
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Source Release and Deposition Velocity

Radionuclide Ra-228 i‘ Element Ra

Release to ground water

[] ¥ersion 2 Releaze Methodology

Specify First Order Leach Rate:
Usze Distribution Coefficient to Estimate First Order Leach Rate:

Radionuclide bearing maternal becomes releazable

) Linearly over time

Time at which radionuclide first becomes releasable [delay time]
Fraction of radionuclide bearing matenal that iz imtially releasable
Time over which tranzformation to releasable form occurs

Total fraction of radionuclide bearing material that iz releazable
Release mechanism
{3 First Order Rate Controlled Release with Transport
{*} Instantaneous Equilibrium Dezorption Releaze
Initial Leach Rate

Final Leach Rate

Distribution Coefficient in the contaminated zone:

0

200

.25

100

70

fyear
ccfg

years

years

fyear
fyear
cclg

Release to Atmospheric

Radionuclide becomes available for release

{*) in the zame manner as for releaze to groundwater ) Beginning at time zero

Atmospheric transport

Deposzition velocity mis

Save

— [

Cancel
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Figure 30. Specifying Inputs for an Instantaneous Release where the Radionuclide-
Bearing Material Becomes Susceptible to Release Stepwise over Time

Release to Atmosphere: The RESRAD-OFFSITE code computes the release of particulates to
the atmosphere (and to runoff) using the radionuclide concentration in the surface layer. By
default, only the nuclides in the material in the release-susceptible form are released from the
surface layer. The user can choose to include both the release-susceptible form and the
release-immune form in the atmospheric release calculations. The radionuclides that are
released into the soil moisture in the primary contamination can resorb onto the solids in soil;
these radionuclides are not included in the calculations of the releases from the surface soil,
even though some of those radionuclides may still be within the mixing layer.




Deposition Velocity: The deposition velocity of the material with which the nuclide is being
transported is used by the code to account for loss from dry deposition along the atmospheric
transport path and to compute the deposition flux at the offsite locations.

Click on the up or down arrow next to the radionuclide name to save the inputs for the currently
displayed radionuclide and to view the inputs for the next or previous radionuclide.
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4.7 Distribution Coefficients

Distribution Coefficients

Radionuclide Ra-226 :‘

Distribution coefficient {cm®/qg) in:-

Contaminated Zone: Sediment in zurface water body

Unzaturated ZFone 1: Fruit. grain, nonleafy fields 70
Leafy vegetable helds 70

Pasture. zilage growing areas 70

Livestock feed gran helds 70

Dwelling =ite

S aturated Zone:

Mumber of Unzaturated Fones: 1
set in preliminary inputs form

Save
ey ==

Cancel

Figure 31. Distribution Coefficients Form for Version 2 Release

Distribution coefficients are the ratios of the mass of solute that is adsorbed on or precipitated
onto the soil (per unit of dry mass) to the solute concentration in the liquid phase at the different
transport zones and locations of accumulation. Default values are provided for each
radionuclide; however, site-specific values should be used since literature values can vary over
many orders of magnitude, depending on the chemical form, soil type, pH, redox potential, and
the presence of other ions. The Distribution coefficients in the different transport zones and
regions of accumulation are input in the form shown in Figure 31. Uncertainty and sensitivity
analysis can be performed on the distribution coefficients.

Click on the up or down arrow next to the radionuclide name to save the distribution coefficients
of the current radionuclide and to view the distribution coefficients of the next or previous
radionuclide.

Contaminated Zone: If a Version 2 release methodology is specified, this distribution
coefficient is used to estimate a first-order release rate when the user does not specify a release
rate. In this case, the form has a pink horizontal line to differentiate the distribution coefficient
that is used to estimate the leach rate from the distribution coefficients that are used to model
transport.
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This distribution coefficient is used to compute the radionuclide transport rate within the primary
contamination for the other release methodologies. In these cases, the distribution coefficient in
the contaminated zone is used for the same purpose as the distribution coefficients in the
unsaturated and saturated zones. There is then no need to separate the distribution coefficients
of those zones in this case, and the pink horizontal line is not displayed as shown in Figure 32.

hstribution Coefficients

Radionuclide Ra-226 :‘

Distribution coefficient {cm®*{q) in:-

Contaminated Zone: Sediment in surface water body

Unzaturated ZFone 1: Fruit. grain, nonleafy fields 70
Leafy vegetable helds 70

Pasture. silage growing areas 70

Livestock feed grain fields 70

Dwelling zite

Saturated Zone:

Mumber of Unzaturated Fones: 1
set in preliminary inputs form

Save
B ==

Cancel

Figure 32. Distribution Coefficients Form for Version 3 Releases

Unsaturated Zone and Saturated Zone: These distribution coefficients are used to compute
the radionuclide transport rate for groundwater transport calculations.

Sediment in Surface Water Body: This distribution coefficient is used to compute the
concentration of the radionuclide in the surface water body.

Fruit, Grain, Nonleafy Fields; Leafy Vegetable Fields; Pasture, Silage Growing Areas;
Livestock Feed Grain Fields; Dwelling Site: These five distribution coefficients for agricultural
fields, pastures, and dwelling sites are used to account for leaching when accumulation in the
fields, pastures, and dwelling sites is being computed.

Clicking on the button displaying the number of unsaturated zones causes the Preliminary
Inputs form (Section 4.2) to open, because the number of unsaturated zones can be changed
only on the Preliminary Inputs form.
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4.8 Transfer Factors

Transfer Factors

Radionuclide:Ra-226 i‘ Element Ra

Soil to plant transfer factor
Fruit. grain. nonleafy vegetables (D04 [(pCifkg)/[pCifka]
Lealy vegetables: 0.04 [pCi/kg)/[pCitkg]
Pasture. silage: 004 [(pCifkg)/[pCifka]
Livestock feed grain: 0.04 [pCi/kg)/[pCitkg]

Intake to animal product transfer factor
Meal: 0001 [pCi/kg)/(pCitd]
Milk: 0.001 [pCifL)/(pCitd)

Water to Aquatic food transfer factor

Fizh: 50 [(pCifkg)/pCifL)
Crustacea: 250 [pCifkg)/[pCifL]
Save
et -
Cancel

Figure 33. Transfer Factors Form

Uncertainty and sensitivity analysis can be performed on the transfer factors. The transfer
factors form (Figure 33) is linked to the list of radionuclides specified to be present at the site.
Therefore, it displays the transfer factors for each radionuclide that is specified to be present at
the site. However, the transfer factors are element specific; thus, any changes made to the
factors of an isotope will be used for all the isotopes of that element. The form displays the
radionuclide name and the element name to remind the user that the transfer factors are
element specific. The factors for each element and radionuclide that were specified for the site
can be viewed by clicking on the up or down button next to the radionuclide name.

Soil to Plant Transfer Factor: This is the root uptake transfer factor, which is the ratio between
the contaminant concentration in the edible plant and that in the soil upon which the plant is
grown. The RESRAD database contains only one default value for each element. Values
appropriate for the site-specific vegetation must be entered in the four input boxes. Values
displayed for tritium (H-3) (Figure 34) and for carbon-14 (C-14) cannot be changed by the user
because the transfer factors are computed by the code (see Appendix L of the RESRAD
Manual).
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Transfer Factors

Radionuclide:H-3 i‘ Element H

Soil to plant transfer factor
Fruit. grain. nonleafy vegetables (4 [pCifkg)/[pCifka]
Leafy vegetables: 4 [pCifkg)/[pCifka]
Pasture, silage: 4 [pCifkg)/[pCifka]
Livestock feed grain: 4 [pCifkg)/[pCifka]

Intake to animal product transfer factor
Heat: 0.005742 | [(pCifkg)/(pCitd)
Milk: 0.004312 | [pCi/L)/(pCi/d)

Water to Aquatic food transfer tactor

Fish: 1 [pCifkg)/(pCifL)
Crustacea: 1 [pCifkg)/[pCi/L]
Save
Cancel

Figure 34. Transfer Factors Form for H-3 and C-14

Intake to Animal Product Transfer Factor: This is the ratio between the concentration of the
radionuclide in meat or milk and the rate of intake of the radionuclide by livestock. Values
displayed for H-3 and for C-14 cannot be changed by the user because the transfer factors are
computed by the code (see Appendix L of the RESRAD Manual).

Water to Aquatic Food Transfer Factor: This is the ratio between the radionuclide
concentration in the edible parts of aquatic food and that in the water in which the aquatic food
sources live.

55



4.9 Set Pathways

] Evermal Garna|
[ haision |
g ] it ingesion |
(B ik ingesiion |
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@] 2oucticFooos |

@ Drinking YWater
Soil Ingestion
-

Close

Drinking \Water
D Soil Ingestion

Close

Figure 35. Set Pathways DOS-Emulator

All pathways, except the radon pathway, are active by default but can be turned off. The user
can activate the radon pathway after selecting a radon precursor.

An inactive pathway can be activated by clicking on either the crossed-out icon corresponding to
the pathway or the name of the pathway, or by using the hotkey (Alt + underlined letter)
corresponding to that pathway (Figure 35).

An active pathway can be deactivated by clicking on either the icon corresponding to the
pathway or the name of the pathway, or by using the hotkey (Alt + underlined letter)
corresponding to that pathway.
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4.10 Reporting Times

Reporting Times

Times at which output is reported [pears]:

©OOOOOOOO

1000 10000 100000

Add Hemove

1]
21 |3
3 |6
Storage times | 4) 12
a] 30
Save ] 75
g = 2 s
Cancel B8] 420
]

970

Figure 36. Reporting Times Form

None of the inputs on the Reporting Times form (Figure 36) are eligible for uncertainty analysis
or for sensitivity analysis.

Times at which Output is Reported: These are the times after the radiological survey when
results are to be reported in the textual output. A time horizon of 1,000 years is commonly used;
however, calculations can be carried out to longer periods to identify potential problems from
delayed contributions from the groundwater or other pathways. The forecast time horizon is the
sum of the last reporting time and the exposure duration. Results are always calculated and
reported for year 0.

The code predictions are available at each of the intermediate time points generated by the
specification in the Title form (Section 4.1). Interpolation is performed between those time points
to produce the textual report at the times specified in this form.

Add: Use this button to add a time:

» Click on the Add button and a new clock icon and time box will appear. Set
the time following the change time procedure, or

» Click the right mouse button while the cursor is in the frame containing the
clock icons.
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Remove: Use this button to remove a time:

» Click on the appropriate time box or clock icon, then click on the Remove
button.

To change a time:

» Click on the appropriate time box and enter new value, or

» Click on the appropriate clock icon and drag to desired time location.

Storage Times: The Storage Times form can be assessed by clicking on this button. The
Storage Times form is the next linked form, so the forward arrow can also be used to get to it.
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4.11 Storage Times

- 6|

Storage Times
Surface water: 1 days
Wwell water: 1 days
Fruitz, Grain, and Honleafy vegetables: 14 days
Leafy vegetables: 1 days
Pasture and Silage 1 days
Livestock feed grain: 45 days
Meat: 20 days
Milk: 1 days
Fish: 7 days
Crustacea and mollusks: 7 days

Save

Cancel

Figure 37. Storage Time Form

Uncertainty and sensitivity analysis can be performed on the storage times.

Storage Times: These are the various amounts of time over which foodstuffs and water are
stored before being consumed or used (Figure 37). The concentrations of radionuclides in food
and water are adjusted for decay and ingrowth during this period. See Appendix D of the
RESRAD Manual for more details.
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4.12 Physical and Hydrological Parameters

Physical and Hydrelogical

Site properties

Precipitation: 1 meterz/year
Wind Speed & ga melersss

Sub-area properties

Contaminated zone and Cover

Agricultural areas

Livestock feed growing areas

Offsite Dwelling zite

Save

et -

Cancel

Figure 38. Physical and Hydrological Properties Form

Uncertainty and sensitivity analysis can be performed on the parameters listed on the Physical
and Hydrological Parameters form (Figure 38).

Precipitation: This the annual average value of precipitation at the site. It is used to compute
the infiltration rate in the primary contamination, the leach rates in all areas, and the
evapotranspiration of tritium. The leach rate is used to compute contaminant concentration in
soil in the agricultural, pasture, and dwelling areas and in some cases at the primary
contamination site. The infiltration rate affects the rate of transport through the unsaturated zone
and in the primary contamination.

Wind Speed: This is the annual average wind speed used to calculate the area factor for
inhalation and foliar deposition (see Appendices B and D of the RESRAD Manual). It is also
used for ingrowth calculations for the radon pathway (Appendix C) and in the tritium and
C-14 models (Appendix L). It is computed by the code using the wind speed and frequencies
specified in the Atmospheric Transport form.
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Accessing Other Related Forms

The four command buttons on this form (Figure 38), Contaminated Zone and Cover, Agricultural
Areas, Livestock Feed Growing Areas, and Offsite Dwelling Site, provide access to the four
forms that provide physical and hydrological data on four subarea properties (see Sections 4.13,
4.14, and 4.15). Clicking on any of these four buttons opens the respective form. The current
parent form will not be closed and will remain in the background, and it will appear again when
the other form is exited. Alternatively, the first form can be opened by clicking on the forward
arrow button on this form; the other three forms can be accessed by continuing to use the
forward arrow buttons on the successive forms.
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4.13 Primary Contamination (Contaminated Zone and Cover): Physical and
Hydrological Data

I i

Primary Contaminaticn

Area of Frmany comfamanaiiomn £ FIFE«d | Speare mefors
Length of contamination parallel to aquifer low: meters
Depth of soil mixing layer: 15 meters
Depozition Yelocity of dust: oo metersfs
Irmgation apphed per pear: 2 meters/year
Evapotranspiration coefficient: R

Runoff coefficient: 2

Rainfall and Runoff Factor: 160
Slope-length-steepness Factor: 4

Cover and Management Factor: o032

Support practice factor: 1

Soil layer Contaminated Clean Cover

zone
Thickness: 2 0 meters
Total Porosity: A4 A4
Lrosion rate FrfaE s I A5 Ml Bear
Dry bulk density: 15 15 grams/cm?
Soil erodibility Factor: A4 A tons/acre
Eield capacity: 3
b parameter: R
Hydraulic conduchity: 10 meters/year
E ffective Porosity: A4
Longitudinal Digpersivity: o5 meters

Sare

Volumeltric water content:

-

Cancel

Figure 39. Primary Contamination Form

Uncertainty and sensitivity analysis can be performed on any parameter that is an input on the
Primary Contamination form (Figure 39). Parameters that are not inputs to the code are shown
in gray italics for information only.
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Area of Primary Contamination: This is not a direct input; it is computed using the information
input in the Site Layout form. The primary contamination is a compact area that contains the
locations of all soil samples with radionuclide concentrations that are clearly (i.e., two standard
deviations) above background.

Length of Contamination Parallel to Aquifer Flow: This is the distance between two parallel
lines that are perpendicular to the direction of the aquifer flow: one at the up-gradient edge of
the contaminated zone, and the other at the down-gradient edge. It is used in groundwater
transport calculations. The code computes this value from the information input in the map
interface. The user can change the value computed by the code. The connection between this
form and the map interface is one-directional; the information entered in this form will not affect
the map interface.

Depth of Soil Mixing Layer: This is the thickness of the surface soil at the location of the
primary contamination, which may be assumed to be mixed uniformly from time to time as a
result of anthropogenic or physical processes. It is used to calculate the concentration of
contaminants in surface soil.

Deposition Velocity of Dust: This is the representative deposition velocity of dust at the
location of primary contamination. It is used to compute the release to the atmosphere on the
basis of the assumption that there is no net deposition of particulates at the site.

The next three inputs and the precipitation rate are used to compute the infiltration rate and to
compute the evapotranspiration of tritium from the primary contamination. They affect all
releases from the primary contamination as well as the transport rate through the unsaturated
layers.

Irrigation Applied per Year: This is the volume of irrigation water that is applied over a period
of 1 year per unit area of land. It is not the actual rate of irrigation during the growing season;
instead, it is the irrigation rate averaged over 1 year.

Evapotranspiration Coefficient: This is the fraction of precipitation and irrigation water that
penetrates the topsoil, which is lost to the atmosphere by evaporation and by transpiration by
vegetation.

Runoff Coefficient: This is the fraction of precipitation that does not penetrate the topsoil, and
instead leaves the area of concern as surface runoff; no loss is assumed for irrigation water.

The next six inputs are used to compute the rate of erosion. Erosion Rate is not an input in
RESRAD-OFFSITE; it is displayed for the information of users.
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Rainfall and Runoff Index: This is a measure of the energy of the rainfall. It is used to compute
the erosion rate.

Slope-Length-Steepness Factor: This factor accounts for the effect the profile of the terrain
has on the erosion rate.

Cover and Management Factor: This factor (formerly called the Cropping-Management
Factor) accounts for the effects land use, vegetation, and management have on the erosion
rate.

Support Practice Factor: This factor (formerly called the Conservation Practice Factor)
accounts for the effects conservation practices have on the erosion rate.

Dry Bulk Density (of Soil in the Contaminated Zone and in Clean Cover): This is the mass
of (dry) solids in a unit volume of soil in the respective layers of soil. In addition to being used to
compute the erosion rate, this is also used to compute the exposure to external radiation. The
density in the contaminated zone is also used to compute the release to groundwater, and thus
the concentration in the primary contamination.

Soil Erodibility Factor: This is a measure of the susceptibility of the soil to erosion.

Thickness (of Contaminated Zone): This is the distance (in meters [m]), between the
uppermost and lowermost soil samples with radionuclide concentrations that are clearly (i.e.,
two standard deviations) above background.

Thickness (of Clean Cover): This is the distance from the ground surface to the location of the
uppermost soil sample with radionuclide concentrations that are clearly above background.

Total Porosity (of Contaminated Zone and Clean Cover): This is the fraction of soil (by
volume) that is occupied by liquid and gaseous phases in the respective layers.

Field Capacity (of Contaminated Zone): This is the volumetric moisture content of soil at
which (free) gravity drainage ceases. This is the amount of moisture that will be retained in a
column of soil against the force of gravity.

b Parameter (of Contaminated Zone): The soil-specific exponential b parameter relates the
hydraulic conductivity of partially saturated soil to its moisture content.
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Hydraulic Conductivity (of Contaminated Zone): This is the apparent flow velocity through
the contaminated zone under a unit hydraulic gradient.

Effective Porosity: This is the fraction of soil (by volume) through which water flows. Part of the
soil moisture may not contribute to the movement of contaminants. Therefore, the effective
porosity will be less than or equal to the total porosity.

Longitudinal Dispersivity: This is the ratio between the longitudinal dispersion coefficient and
pore water velocity. It has the dimension of length. This parameter depends on the thickness of
the zone and ranges from one one-hundredth of the thickness to the order of the thickness.

Volumetric Water Content (of Clean Cover): This is the fraction of soil (by volume) that is
occupied by water.
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4.14 Agricultural Areas and Livestock Feed Growing Areas: Physical and

Hydrological Data
[ Agricultural Areas
Crops Fruit, grain, Lealy
non-leafy veqgetables
Arez frguare mefersk FrE FOE
Fraction of area directly over primary contamination:| g o
lirigation applied per year [meters/year]: 2 2
Evapotranspiration coefficient: 5 B
Bunoff coefficient: 2 2
Depth of zoil Mixing layer or Plow layer [meters]: 15 15
Yolumetric water content: 3 3
Lrasfon rafe fmelersipoad LIEES L IE7ES
Dry bulk density of soil [grams/cm®]: 15 15
Soil erodibility Factor [tons/acre]: A 4
Slope-length-steepness factor: A 4
I_:uver and management on3 003
Support practice factor: 1 1
Total Porosity 4 4
Save
Cancel h

Figure 40. Agricultural Area Form

Uncertainty and sensitivity analysis can be performed on any parameter that is an input on the
Agricultural Areas and Livestock Feed Growing Areas forms (Figures 40 and 41).

Area: This is the area of agricultural land on which the crop is cultivated, or pasture land on
which the livestock are allowed to feed. This is not a direct input, but is computed based on the
information input in the site layout form.

Fraction of Area Directly over the Primary Contamination: This is the areal fraction of the
agricultural or pasture land that lies directly above the primary contamination. If the entire area
is completely on the contamination, the fraction is one; if the entire area is away from the region
of primary contamination, the fraction is zero. This fraction is used to account for direct root
uptake of contaminants from the primary contamination.
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[ Livestock Feed Growing Areas
Crops Pasture, Grain
Silage
Area frguane mefersl AT F G
Fraction of area directly over primary contamination:| 0 ]
Irrigation applied per year [meters/year): 2 2
Evapotranspiration coefficient: 5 5
Bunoff coefficient: .2 2
Depth of soil Mixing layer or Plow layer [meters]: 15 15
Yolumetric water content: 3 3
Erasson rafe (mefers/peant: I 1TSS 1 1FEE
Diy bulk denzity of zoil [gramsfcm®]: 1.5 1.5
Saoil erodibility Factor [tonsfacre): 4 A
Slope-length-steepness factor: 4 4
I_:uver and management 003 003
Support practice factor: 1 1
Total Porosity 4 4
; Save
Cancel F

Figure 41. Livestock Feed Growing Areas Form

Irrigation Applied per Year: This is the volume of irrigation water that is applied over a period
of 1 year per unit area of land. It is not the actual rate of irrigation during the growing season; it
is the irrigation rate averaged over 1 year.

Evapotranspiration Coefficient: This is the fraction of precipitation and irrigation water that
penetrates the topsoil and is lost to the atmosphere due to evaporation and to transpiration by
vegetation.

Runoff Coefficient: This is the fraction of precipitation that does not penetrate the topsoil but
leaves the area of concern as surface runoff; no loss is assumed for irrigation water.

Depth of Soil Mixing Layer or Plow Layer: This is the thickness of the surface soil, which may
be assumed to be mixed uniformly from time to time as a result of anthropogenic or physical
processes. It is used to calculate offsite accumulation.

Volumetric Water Content of Soil: This is the fraction of soil moisture by volume.
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Dry Bulk Density of Soil: This is the mass of solids in a unit volume of soil.

Soil Erodibility Factor: This is a measure of the susceptibility of the soil to erosion.

Slope-Length-Steepness Factor: This factor accounts for the effect the profile of the terrain
has on the erosion rate.

Cover and Management Factor: This factor (formerly called the Cropping-Management
Factor) accounts for the effects land use, vegetation, and management have on the erosion
rate.

Support Practice Factor: This factor (formerly called the Conservation Practice Factor)
accounts for the effects conservation practices have on the erosion rate.

Total Porosity: This is the fraction of soil (by volume) that is occupied by liquid and gaseous
phases.
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4.15 Offsite Dwelling Area: Physical and Hydrological Data

Offsite Dwelling Area

Building Offsite

location Dwelling
Aros e metors
Irrigation applied per year [meters/year]: 2
Evapotranspiration coefficient: 5
Bunoff coefficient: 2
Depth of soil Mixing laver or Plow layer [meters): 15
Yolumetric water content: 3
Ervspon rafe fmefers/reant P
Dry bulk density of soil [gramsfcm?]: 15
Soil erodibility factor [tons/acre]: 0
Slope-length-steepness factor: 4
Cover and management factor: on3
Support practice factor: 1
Total Porosity A4

Save

Cancel F

Figure 42. Offsite Dwelling Area Form

Uncertainty and sensitivity analysis can be performed on any parameter that is an input on the
Offsite Dwelling Area form (Figure 42). The descriptions for most of these parameters are the
same as the descriptions for the agricultural and pasture lands in Section 4.14.

Area: This is the area of the plot of land on which the offsite dwelling is located. This is not a
direct input, but is computed based on the information input in the site layout form.

Irrigation Applied per Year: This is the volume of irrigation water that is applied to the lawn or
home garden over a period of 1 year per unit area of land.
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4.16 Atmospheric Transport Parameters

Atmospheric Transport
Release height 1 meters Dizpersion Model Coefficients Windspeed Termrain
Release heat fux 0 cal/s ® Pasquill-Gifford Coefficients Rural
Anemometer height 10 meters i . (& Rura
. . () Briggs Rural Coefficients
Ambient temperature 285 Kelvin ©) Urban
AM atmospheric mizing height | 400 meters (O Briggs Urban Coefficients
PM atmospheric mixing height 1600 meters
Fruit, grain, Leafy Pasture, Grain Dwelling Surface
Offsite location non-leafy vegetables silage fields site water body
vegetables plot growing
Elevation of offsite location, relative to ground plot ared
level at primary contamination | ” 0 || 0 " 0 || 0 " 0 m
Grid spacing for areal integration m
|| "Read Hetearological STAR file |
[ modify joint frequency data read from S5TAR file for CHICAGO OHARE. IL
Wind speed  |0.89 |2.48 |4.47 |6.93 |9.61 [12.52 |m/s
Stability class Joint frequency of wind speed and stability class for wind from 5 to |y -

A 0.00029 0.00014 ] 1] ] 1]

B 0.00075 0.00137 0.0013 1] ] 1]

C 0.00151 0.00274 0.00726 0.0011 1] 0

D 0.00182 n.0111 0.02719 0.02424 0.00253 0.00048

E ] 0.01027 0.00616 0 0 0

F 0.00794 0.01253 1] 0 1] 0

Save

E Cancel

=

Figure 43. Atmospheric Transport Form

Uncertainty analysis can be performed on all but the following parameters on the Atmospheric
Transport Parameters form: Grid spacing for areal integration, the joint frequency, and the two
parameters involving choices. One-parameter-at-a-time sensitivity analysis can be performed
on all but the two parameters involving choices. The code will not check whether the sum of the
frequencies of the joint frequency distribution sums equal to one when one-parameter-at-a-time
sensitivity analysis is performed on a joint frequency.

Release Height: This is the height of the release above the ground level at that location.

Release Heat Flux: This is the heat energy that accompanies the contaminant release. It is
used to account for the rise of the plume.

Anemometer Height: This is the height at which the wind speed was measured.
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Ambient Temperature: This is the temperature of the air at the location of release.

AM and PM Atmospheric Mixing Heights: The atmospheric mixing height is the thickness of
the layer of air that is bounded by the ground surface and a layer of stable air above it. The
spreading of the contaminants is limited to the thickness of the mixing layer. AM and PM refer to
the portion of the day during which the measurement was taken.

Dispersion Model Coefficients: This is the formulation used to generate the dispersion
coefficients for the atmospheric transport model.

Wind Speed Terrain: The choice of terrain determines the relationship between the wind speed
and the elevation above the ground surface.

Elevation of Offsite Location, relative to the Ground Level at Primary Contamination:
When the ground level at the offsite location is above the ground level at the site of primary
contamination, the code adjusts for the upward deflection of the wind. It is the difference in the
height of the ground surface at the offsite location of contaminant accumulation and the height
of the ground surface at the site of primary contamination.

Grid Spacing for Areal Integration: The primary contamination and the offsite receptor areas
are assumed to be rectangular in shape (as defined in Section 4.3), when modeling the
atmospheric transport. Rather than use a single transport distance from the center of the source
to the center of the receptor, the code provides the option to subdivide the source and receptor
areas into smaller squares or rectangles. The transport from each subdivision of the source to
each subdivision of the offsite receptor area is computed and summed together to produce a
better estimate of the atmospheric transport. Smaller grid spacings improve the accuracy of the
calculations, but they require a longer computation time. This input is the maximum dimension
of each subdivided rectangle.

Read Meteorological STAR File: This button is used to select the data file that contains the
joint frequency distribution of the wind speed and stability class in STAR format. Files
containing the meteorological data at a number of airports are placed in the .\metfiles\
subdirectory during installation.

Modify Joint Frequency Data Read from STAR File: The data read from a STAR file is locked
to prevent accidental alteration. This box must be checked if the user wants to change the data
(joint frequencies, wind speed) that were read. This label also shows the name of the
metrological data STAR file that was read.

Wind Speed: This is the average wind speed for the wind speed interval.
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Joint Frequency (of Wind Speed, Wind Direction and Stability Class): This is the joint
frequency distribution (i.e., it is the fraction of the time during which the atmospheric conditions
fall within each wind speed interval, wind direction, and stability class combination). There are
six atmospheric stability classes (A through F), six wind speed intervals, and 16 wind directions.
The form displays the joint frequency for the direction specified in the drop-down box. The
information for each wind direction can be viewed and edited by selecting the desired direction
from the drop-down box. Both the direction from which wind blows and the direction toward
which it blows are shown in order to avoid confusion; customarily, wind is identified by the
direction from which it blows rather than by the direction toward which it blows.
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4.17 Unsaturated Zone Hydrology

Unsaturated Zone Hydrology

Mumber of Unzaturated Zones: 1
set in preliminary inputs form

Unszaturated Zone Number: 1:

Thickneszs [meters] 4

Dy Bulk Density [grams/cm?] 15

Total Porosity A

Effective Porosity 2

Field Capacity 3

Hydraulic Conductivity [meters/year] 10

b Parameter b3

Longitudinal Digperzivity [meters] 1
Save
Cancel F

Figure 44. Unsaturated Zone Hydrology Form

Uncertainty and sensitivity analysis can be performed on any parameter on the Unsaturated
Zone Hydrology form (Figure 44) except the number of unsaturated zones.

Number of Unsaturated Zones: This is the number of partially saturated layers between the
primary contamination and the saturated zone. The number of unsaturated zones can be
changed only in the Preliminary Inputs form (Section 4.2). The code has provisions for up to five
different horizontal strata. Clicking on the button displaying the number of unsaturated zones
causes the Preliminary Inputs form to open. Because the distribution coefficients are likely to be
different for each zone, the Distribution Coefficient form (Section 4.7) is also opened.

Thickness: This is the thickness of the specific unsaturated zone.

Dry Bulk Density: This is the mass of solids in a unit volume of soil in the specific unsaturated
zone.

Total Porosity: This is the fraction of soil (by volume) that is occupied by liquid and gaseous
phases.

Effective Porosity: This is the volume fraction of soil through which water flows. Part of the soil
moisture may not contribute to the movement of contaminants.
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Field Capacity: This is the volumetric moisture content of soil at which (free) gravity drainage
ceases, or the amount of moisture that will be retained in a column of soil against the force of
gravity. This is the minimum moisture content of the unsaturated layer in the absence of
evapotranspiration and root uptake.

Hydraulic Conductivity: This is the apparent flow velocity of water through the contaminated
zone under a unit hydraulic gradient.

b Parameter: The soil-specific exponential b parameter relates the hydraulic conductivity of
partially saturated soil to its moisture content.

Longitudinal Dispersivity: This is the ratio between the longitudinal dispersion coefficient and
pore water velocity. It has the dimension of length. This parameter depends on the thickness of
the zone and ranges from one one-hundredth of the thickness to the order of the thickness.
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4.18 Saturated Zone Hydrology

[ Saturated Zone Hydrology
Thickness of zaturated zone: 100 meters
Dry Bulk Density of zaturated zone: 15 gramsfcm®
Total poroszity of zaturated zone: 4
Effective poroszity of zaturated zone: 2
Hydraulic Conductivity of saturated zone: 100 metersfyear
to surface

to well waterbody
Hydraulic Gradient of zaturated zone: 02 02
Depth of aquifer contributing: 10 10 meters helow water table
Longitudinal Disperzivity of zaturated zone: 3 10 meters
Horizontal lateral Dispersivity of saturated zone: | 4 1 meters
Yertical lateral Dispersivity of saturated zone: 02 06 meters

Save
Cancel h

Figure 45. Saturated Zone Hydrology Form

Uncertainty and sensitivity analysis can be performed on any parameter whose value can be
input on the Saturated Zone Hydrology form (Figure 45).

Thickness of Saturated Zone: This is used when dispersion in the vertical direction in the
saturated zone is being modeled. It is also used to check that the total groundwater flow under
primary contamination exceeds the inflow from infiltration through the primary contamination.

Dry Bulk Density of Saturated Zone: This is the mass of solids in a unit volume of soil in the
specific unsaturated zone.

Total Porosity of Saturated Zone: This is the fraction of soil (by volume) that is occupied by
liquid and gaseous phases.

Effective Porosity of Saturated Zone: This is the fraction of soil (by volume) through which
water flows. Part of the soil moisture may not contribute to the movement of moisture and
contaminants.
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Hydraulic Conductivity of Saturated Zone: This is the apparent flow velocity of water through
the contaminated zone under a unit hydraulic gradient.

There are two columns for the remaining properties specified in the form, the first for transport
from the primary contamination to the well and the second for transport to the surface water
body.

Hydraulic Gradient of Saturated Zone: This is the slope of the surface of the water table.

Depth of Aquifer Contributing: Water flowing through the specified depth of the aquifer is
assumed to be intercepted by the well or surface water body. This parameter is used to
calculate the contaminant concentration in well water or the contaminated flux into the surface
water body.

Longitudinal Dispersivity of Saturated Zone: This is the ratio between the longitudinal
dispersion coefficient and pore water velocity. It has the dimension of length. This parameter
depends on the length of the saturated zone.

Horizontal Lateral Dispersivity of Saturated Zone: This is the ratio between the horizontal
lateral dispersion coefficient and pore water velocity. It has the dimension of length.

Vertical Lateral Dispersivity of Saturated Zone: This is the ratio between the vertical lateral
dispersion coefficient and pore water velocity. It has the dimension of length.
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4.19 Water Use

[ Water Use
Descrnption of Usage:- Fraction of water from Humber of
Water for . individuals
Quantity Surface body well
Consumption by humans R0 Litersfyear | QO 1
Usze indoors of dwelling 295 Liters/day |0 1 III
Beef cattle Rl Liters/day |0 1
Dairy cows 160 Liters/day |0 1
Irmgation applied per year:- fmﬁmﬁj
Fruit, grain, non-leafy vegetablez | 2 meters/year | O 1 FiRERTE
Leafy vegetables 2 meters/year | O 1 FiRRLET
Pasture, Silage 2 metersfyear | 0 1 Bl
Livestock feed Grain 2 meters/year | O 1 F e
Offzite Dwelling site 2 metersfyea | 1 AT
Well pumping rate: 16972 cubic meters/year
Well pumping rate needed to support zpecified Water use: 16971.97 cubic meters/year
Save
Cancel F

Figure 46. Water Use Form

The quantities of water obtained from the two sources of water are the focus of the Water Use
form (Figure 46). The water requirements of humans, livestock, and irrigation are in the first
column. The water requirements also appear in other input forms; if they are changed in one
form, the other will be updated immediately. The second and third columns are the fractions of
these water requirements that are obtained from the contaminated surface water body and
contaminated well. These fractions can add up to less than one if water from uncontaminated
sources is also used. Uncertainty and sensitivity analysis can be performed on any parameter
that is an input on this form except the number of individuals as noted below. The user must
ensure that the sum of the pair of fractions does not exceed unity when performing uncertainty
analysis.

Water Consumed by Humans: This is the total amount of water consumed by an individual; it
includes water that is used in the preparation of and consumed with food.

Water Used in Dwelling: This is the total amount of water used in the home. It includes water
used for cleaning, washing, showering/bathing, and so forth. It is used to compute the dose from
waterborne radon.
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Water for Beef Cattle: This is the amount of water consumed by each individual animal raised
for meat.

Water for Dairy Cows: This is the amount of water consumed by each individual animal raised
for milk production.

Number of Individuals: These are the number of humans or livestock that obtain the specified
water needs from the water source. These inputs are used only to compute the required
minimum well pumping rate and are not used by the computational code. These inputs are not
eligible for uncertainty analysis.

Irrigation Applied per Year: This is the volume of irrigation water that is applied over a period
of 1 year per unit area of land. It is not the actual rate of irrigation during the growing season; it
is the irrigation rate averaged over 1 year.

Well Pumping Rate Needed To Support Specified Water Use: This is the total volume of
water that needs to be withdrawn from the well to satisfy the demand described in this form. It is
provided to help the user select an appropriate well pumping rate. This value is computed every
time a change is made to an input in this form. The well pumping rate is increased
automatically, so it will never be less than this minimum required rate.

Well Pumping Rate: This is the rate at which water is extracted from the well. The interface will
not accept a well pumping rate that is insufficient to meet the needs specified in this form. While
the code performs this check for the deterministic case, the user is responsible for ensuring that
this condition is not violated when performing sensitivity or probabilistic/uncertainty analysis.
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4.20 Surface Water Body

Surface Water Body
Sediment delivery rahio: 1
Yolume of surface water body: 150000 cubic meters
Mean residence ime of water in surface water body: | 1 years
Lurfere Srod of walor it sinface walfer bod: Fosi oo FLERS MOorE
Save
Cancel

Figure 47. Surface Water Body Form

Uncertainty and sensitivity analysis can be performed on any parameter that is an input on the
Surface Water Body form (Figure 47).

Sediment Delivery Ratio: This is the fraction of the contaminated soil that was eroded from the
primary contamination that reaches the surface water body. This is used to compute the
contaminant flux from surface erosion.

Volume of Surface Water Body: This is the volume of water in the surface water body.

Mean Residence Time of Water in Surface Water Body: This is the average amount of time
water spends in the surface water body. It is obtained by dividing the volume of the surface
water body by the quantity of contaminated water that flows or is extracted from it each year.

Surface Area of Water in Surface Water Body: This is the area of the surface water body. It is
not a direct input, but is computed based on the information input in the site layout form. It is
used to compute the contaminant flux from atmospheric deposition.
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4.21 Groundwater Transport Parameters

I !

Groundwater Transport

Sub Screens

i Unzaturated Fone Properties ; Water Use parameters

Saturated Fone Properties Surface Water Body

Distance in the direction parallel to aquifer flow from downgradient edge of contamination to

well- 7B0.9 meters

surface water body: 1189 meters

Distance in the direction perpendicular to aquifer flow from center of contamination to

well: -129.3 meters
right edge of surface water body: | 1909 meters
left edge of surface water body: 490.7 meters

Convergence criterion [fractional accuracy desired]:

Mumber of sub zones [to model dipsersion of progeny produced in tranzit]:

Main sub zones in primary contamination 1
Main sub zones in each parhally saturated zone 1
Main sub zones in zaturated zone 1

® nuchde specific retardation in all sub zones, longitudinal dizpersion in all but the
gub zone of tranzformation

O longitudinal disperzion in all sub zones. nuclide specific retardation in all but the
sub zone of transformation, parent retardation in zone of transformation

O longitudinal dizperzion in all sub zones. nuclide specific retardation in all but the
sub zone of transformation, progeny retardation in zone of transformation

Anticlockwise angle from x axis to direction of agquifer flow 12.60519 degrees

Save
; -

Cancel

Figure 48. Groundwater Transport Form

Subscreens (Accessing Other Related Forms)

Four forms can be accessed by using the four buttons listed. If the forward arrow buttons are
being used to access each form in turn, the forms would have been accessed before this
Groundwater Transport form (Figure 48) and need not be revisited from here.

Unsaturated Zone Properties, Saturated Zone Properties, Water Use Parameters, Surface
Water Body: These buttons can be used to open the respective forms. The current parent form
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will not be closed and will remain in the background. It will reappear when the other forms have
been exited.

Uncertainty and sensitivity analysis can be performed on the distances that are inputs on this
form. One-at-a-time sensitivity analysis can also be performed on the number of subzones, but
not uncertainty analysis. Neither uncertainty analysis nor one-parameter-at-a-time sensitivity
analysis can be performed on the convergence criteria. The code will compute the five
groundwater transport distances if the locations of the well and the surface water body relative
to the primary contamination were specified in the map interface. The user can change the
values computed by the code. The connection between this form and the map interface is one-
directional; the information entered in this form will not affect the map interface.

Distance in the Direction Parallel to Aquifer Flow from Contamination to Well: This is the
distance (in meters [m]) along a groundwater flow line from the down-gradient edge of the
primary contamination to the well. It is used in the computation of transport in the saturated
zone to the well. A negative value indicates that the well is either up-gradient of or within the
primary contamination. If this value is negative or if the combination of water and land usage
and exposure pathways indicates that well water has no influence on dose, the computational
code will skip the well water concentration computations in order to reduce computational time.

Distance in the Direction Parallel to Aquifer Flow from Contamination to Surface Water
Body: This is the distance (in meters [m]) along a groundwater flow line from the down-gradient
edge of the primary contamination to the up-gradient edge of the surface water body. It is used
in the computation of transport in the saturated zone to the surface water body. A negative
value indicates that the surface water body is up-gradient of the primary contamination. If this
value is negative or if the combination of water and land usage and exposure pathways
indicates that water from the surface water body has no influence on dose, the computational
code will skip the surface water computations in order to reduce computational time.

Distance in the Direction Perpendicular to Aquifer Flow from Contamination to Well: This
is the distance (in meters [m]) between two groundwater flow lines, one through the center of
the contamination and the other thorough the well. It is used in the computation of dilution due
to dispersion in the saturated zone, and it applies to water extracted from a well.

Distance in the Direction Perpendicular to Aquifer Flow from Contamination to Right
Edge of Surface Water Body: This is the distance (in meters [m]) between two groundwater
flow lines, one through the center of the contamination and the other through the right edge of
the surface contamination. It is used to compute the contamination flux from the groundwater
into the surface water body.

Distance in the Direction Perpendicular to the Aquifer Flow from Contamination to Left
Edge of Surface Water Body: This is the distance (in meters [m]) between two groundwater
flow lines, one through the center of the contamination and the other thorough the left edge of
the surface contamination. It is used to compute the contamination flux from the groundwater
into the surface water body.
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Convergence Criterion: This is the fractional accuracy desired in the Romberg integration
used to calculate the contaminant flux or concentration in groundwater. A lower value will likely
require the use of a larger number of points in this numerical integration technique, and will thus
have a longer computation time. For each Romberg refinement or cycle number, the number of
integrand function evaluations is 2", where N is the cycle number. Therefore, if the convergence
criterion is set too low, the computation time becomes excessive, and convergence may not be
achieved. If convergence is not achieved, RESRAD will indicate the failure in the QRFAIL.LOG
file, and the last estimate of the integral using 32,769 points will be used. If the convergence
criterion is set at zero, Simpson’s rule with 32 integration intervals will be used.

Modeling Transport of Progeny Produced in Transit

RESRAD-OFFSITE has two groundwater transport algorithms. One models the effects of the
differences in the water-to-soil interaction of the parent nuclide and the progeny nuclides, and
the other models the longitudinal dispersion. When one of these processes is clearly dominant,
the user can choose the appropriate algorithm to model the transport of the progeny produced
in transit. When both the longitudinal dispersion and the differences in the water-to-soil
interaction are of comparable importance, the prediction of progeny nuclides produced in transit
in the transport zones can be improved by breaking up the transport zones into a number of
subzones; then both processes will be modeled over most of the transport path. Additional run
time will be needed to do this.

Main Subzones in Primary Contamination: This is the number of subzones into which the
saturated zone is to be divided in order to improve the predictions of progeny nuclides produced
in transit.

Main Subzones in Each Partially Saturated Zone: This is the number of subzones into which
the partially saturated zone is to be divided in order to improve the predictions of progeny
nuclides produced in transit.

Main Subzones in Saturated Zone: This is the number of subzones into which the saturated
zone is to be divided in order to improve the predictions of progeny nuclides produced in transit.

Modeling Nuclide -Specific Retardation or Dispersion

The two transport algorithms give rise to three choices for the algorithm to be used in the zones
where the specific atom undergoes transformations. One of three options can be selected to do
the following:

« Model the effects of the nuclide-specific distribution coefficients of the parent
and progeny in the zone of transformation and ignore the effects of
longitudinal dispersion,
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» Model the effects of longitudinal dispersion and use the retardation factor of
the parent nuclide for both the parent and the progeny produced in that zone
and ignore the retardation factor of the progeny, or

» Model the effects of longitudinal dispersion and use the retardation factor of
the progeny nuclide for both the parent and the progeny produced in that
zone and ignore the retardation factor of the parent.

Anticlockwise Angle from X-axis to Direction of Groundwater Flow: This input will appear
only if the GW icon in the map interface was used to specify the direction of groundwater flow.
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4.22 Ingestion Rates

Ingestion Rates

Consumption
rate

Fraction from
affected area

Drinking water 510 Liters/year 1
Fizh R kalyear R
Crustacea and mollusks q kglyear 5
Fruit. grain. non-leafy vegetables | 160 kaolyear 5
Leafy vegetables 14 kalyear 5
Meat 63 kglyear 1

Milk a2 Litersfyear |1

Soil [incidental] 3E.5 grams/year

Livestock Factors

Livestock Feed Factors

Plant Factors

Sarve

-

Cancel

i

Figure 49. Ingestion Rates Form

Uncertainty and sensitivity analysis can be performed on any parameter that is an input on the
Ingestion Rates form (Figure 49).

Consumption Rates: Consumption rates are national averages that are usually site
independent. Adjustments for regional differences in diet may sometimes be appropriate.

Fraction from Affected Area: This is the fraction of the consumption rates that is obtained from
any area that is affected by the primary contamination. The entry for drinking water is the sum of
the fraction obtained from the contaminated well and from the contaminated surface water body.
Clicking on the entry for drinking water will open the Water Use form (Section 4.19); the
fractions from each water source can be changed in that form.
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Accessing Other Related Forms

Three forms can be accessed by using the three buttons listed below. Alternatively, the first
form can be opened by clicking on the forward arrow button on this form; after that, the other
forms can be opened by continuing to use the forward arrow buttons on the successive forms.

Livestock Factors, Livestock Feed Factors, and Plant Factors: These buttons can be used
to open the respective forms. The current parent form will not be closed and will remain in the
background; it will reappear when the form has been exited.
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4.23 Livestock Intakes (Factors)

Livestock Intakes

Water [liters/day]
Pasture, and Silage [kg/day]
Grain [ko/day]

%oil from grain [kgfday]

-

Soil from Pasture and Silage [kgfday)

Save

Cancel

Beef Cattle Dairy Cows
hD 160
14 44
h4 11
A A
A4 |
e--

Figure 50. Livestock Intakes Form

Livestock intake (i.e., ingestion) rates (Figure 50) are national averages that are usually site
independent. Adjustments for regional differences in animal husbandry practices are necessary.
The first column is the intake rates for each head of livestock raised for meat, while the second
column is for each head of livestock raised for milk production. The incidental ingestion of soil
associated with the ingestion of the two types of feed (grain or pasture/silage) must be specified
separately because the contaminant concentrations in the soils could be different. Uncertainty

and sensitivity analysis can be performed on any parameter in this form.
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4.24 Livestock Feed Factors and Plant Factors

s "

Plant Factors
Crops Fruit, grain, Leafy
non-leafy vegetables
Wwet weight crop vield [kog/m?] 7 1.5
Duration of Growing season [yearz] A7 5
Foliage to Food Transfer coefficient 1 1
Weathering Hemoval constant [1/pear] | 20 20
Foliar interception Factor for irrigation L 25
Foliar interception factor for dust L 25
Boot Depth [meters] 1.2 i
Save
Cancel
Livestock Feed Factors
Crops Pa_sture, Grain
Silage
Wwet weight crop vield [kog/m?] 11 i
Duration of Growing season [years) 08 AT
Foliage to Food Transfer coefficient 1 1
Weathering Removal constant [1/vear] | 20 20
Fohar interception Factor for imgation 75 an
Foliar interception fFactor for dust L 25
Boot Depth [meters] q 1.2
Save
Cancel

Figure 51. Plant Factors and Livestock Feed Factors Forms

Plant (i.e., vegetable and livestock feed) factors (Figure 51) are related to growth and
contaminant transfer. They depend on the mix of crops and on regional farming practices.
Uncertainty and sensitivity analysis can be performed on any parameter that is an input on
these forms.
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4.25 Inhalation and External Gamma

Inhalation and External Gamma

Inhalation rate: 8400 mefyear
Mazs loading for inhalation: o001 grams/fme
Mean Onzite mass loading : o001 grams/fme
Im:!uur to outdoor duzt concentration A

External gamma penetration factor: i

Shape of Primary Contamination

Occupancy Factors

Save
; -

Cancel

Figure 52. Inhalation and External Gamma Form

Uncertainty and sensitivity analysis can be performed on any parameter on the Inhalation and
External Gamma form (Figure 52).

Mass Loading for Inhalation: This is the average mass of respirable particulate in a unit
volume of air when humans are present at the site (includes the effects of human activity). It is
used in the inhalation pathway computations.

Mean Onsite Mass Loading: This is the average mass loading of airborne contaminated soil
particles above the primary contamination. It is used to estimate the contaminant release rate to
the atmosphere.

Indoor to Outdoor Dust Concentration Ratio: This accounts for the effect of the building
structure on the level of contaminated dust existing indoors. It is the fraction of outdoor
contaminated dust that is present indoors.

External Gamma Penetration Factor: This factor accounts for the effect of the building
structure on the level of gamma radiation existing indoors. It is the fraction of outdoor gamma
radiation that penetrates the building.

88



Accessing Other Related Forms

Two forms can be accessed by using the two buttons listed below. Alternatively, the first form
can be opened by clicking on the forward arrow button on this form, and then the other form can
be opened by continuing to use the forward arrow button on the first form.

Shape of Primary Contamination, Occupancy Factors: These buttons can be used to open
the respective forms. The current parent form will not be closed and will remain in the
background; it will reappear when the form has been exited.
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4.26 External Radiation Shape and Area Factors

External Radiation Shape and Area Factors

Previous Yertex: | | | |

Current X: Onsite Dffsite
Current : Dwelling Location X: 1057
Line Length: meters Dwelling Location - A6
Area: | 43171.84 m* B i
Calculate Radn and Fractions |
r Drawing Instruchions —— i Rk
Use the left mouse button to change Radius: (m] Fraction:
the dwelling location and to 1
calculate the Radii and Fractions. = 88.83334 0
2 | 1776667 1]
3 | 2665 0
4 | 3553333 1]
— Key board Instruchions 5
Key in the dwelling location. N 444.1667 0
Then press the Calculate Radii and E |533 0
Fractions button. 7 521.8223 0
8 | 710.6667 1]
d [ 7995 0
10 | gae 3333 .02
Shape of the plan of the primary contamination: Beprs 11 | 9771667 037
) Circular  ® Polygonal E ! 12 | 106G 025
Coordinates of the verticies of polpgon: Cancel [~ User input fractions
# [m]: ¥ [m):
| Xt

Current Yertex: | | | |

Scale: meters

Figure 53. External Radiation Shape and Area Factors Form

The primary contamination is shown in black against a white backdrop in the picture box at the
top left corner of the form (Figure 53). The primary contamination will change to pink if the
Calculate Radii and Fractions button near the top of the right side is pressed (Figure 54).

Shape of the Plan of the Primary Contamination: As a default, the shape of the primary
contamination and the centroid of the offsite dwelling specified in the site layout/map interface
form are used to calculate the shape and area factors for the external radiation pathway. The
onsite dwelling is assumed to be located at the center of the primary contamination. This form
can be used to specify different locations for the dwellings and to define a polygonal shape for
the primary contamination.

The user may override the radii and fractions. If the user overrides the computed values, the
code will place a check in the check box as an indication of the override.
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Changing the Location of the Dwellings

If the primary contamination is not completely within the picture box, change the number in the
box next to Scale (in the middle near the bottom of the form) until it is visible in its entirety. At
the top right, select the tab (Onsite tab or Offsite tab) corresponding to each dwelling in turn and
specify its location, either by inputting the coordinates or by clicking on the location in the picture
box. If the coordinates of the location are keyed in, the Calculate Radii and Fractions button
must be pressed to compute the area fractions. This must be done before proceeding to the
other tab (Onsite tab or Offsite tab). The coordinates of the position of the cursor are shown in
the Current X and Current Y information boxes at the top center of the form; this information is
helpful when the cursor is being used to click on the location of the dwelling.

External Radiation Shape and Area Factors

. Current X: 2 Onsite Offzite
Current Y2 | 137 Dwelling Location X: 49
Line Length:| 15 524| meters Dwelling Location Y: 134
Area: | 14000 m
Calculate Badi and Fractions |
r Drawing Instructions ————— N B

Usze the left mouse button to select Radius: [m]) Fraction:
or change the dwelling location and 1 1.75 1
to calculate the Radii and Fractions. _ _

2 235 1

3 3825 1

4 |47 56

— Key board Instructions 5

Key in the dwelling location. - 98.75 34
Then press the Calculate Radii and B 705 27
Fractions button. 7 g2 25 22

g8 |94 19

. 3 10575 a7
10 [ 1175 3
Shape of the plan of the primary contamination: Bevm 11 [129.25 059
O Circular  {© Polygonal E IE 12 (14 025

Coordinates of the verticies of polygon: Cancel [~ User input fractions

2 (m): ¥ [m):
Previous Vertex: [ 62 | [23 |
Cumrent Vertex: | A7 | | 19 | | Clear | Scale: 200 meters

Figure 54. Non-Rectangular Primary Contamination in External Radiation Shape and Area
Factors Form

Changing the Shape of the Primary Contamination

Set the number in the box next to Scale to the length of the square enclosing the primary
contamination and the two dwelling locations. Choose the Polygonal option; “Clear” image if
there is already a polygon in the drawing area. The polygon can be “drawn” using the mouse
and following the drawing instructions given in the yellow information box on the form.
Alternatively, the vertices of the polygon can be keyed in by following the instructions given in
the green Instructions box. After the polygon is completed, the location of the onsite and offsite
dwellings must be specified, as described in the previous paragraph. The area of the polygon
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will be computed when the radii and area fractions are computed. The area is displayed in the
box at the top center of the form (Figure 54).

Because the fraction of each annular area that is contaminated is computed graphically in the
interface, it is not possible to perform uncertainty or sensitivity analysis on any of the
parameters on this form. However, it is possible to perform probabilistic analysis on the input on
the site layout form (Section 4.3). The FORTRAN computational code will compute the
appropriate radii and fractions for all exposure locations (onsite and offsite dwellings,
agricultural areas, livestock feed growing area, and pasture) for the probabilistic runs using the
rectangular shapes specified in the site layout form.
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4.27 Occupancy Factors

F 5

Cccupancy

Fraction of Time spent on PRIMARY CONTAMINATION
[whether cultivated or not]

Indoors 0

Outdoors 0

Fraction of Time spent in OFFSITE DWELLING SITE
Indoors 5

Outdoors 1

Fraction of Time spent in FARMED ABEAS [including
Primary and Secondary contaminated areas]

Fruit, grain. and Monleafy fields

Leafy vegetable fields

Pasture and zilage helds

el B e ]

Livestock grain fields

[f part of a farmed area lies on the Primary Contamination, the time
fraction zpent in that part of the area should be included in both the
farmed area occupancy and the primary contamination occupancy.

Save
; -

Cancel

Figure 55. Occupancy Factor Form

The Occupancy factor form (Figure 55) is used to input fractions of time spent in various
locations.

Fraction of Time Spent on Primary Contamination

¢ Indoors: This is the fraction of time that the receptor spends in a building situated on
top of the primary contamination.

e Outdoors: This is the fraction of time that the receptor spends outdoors on
top of the primary contamination. If any agricultural or pasture land lies over
the primary contamination, the time spent in that common area should be
included here and in the entry for that agricultural or pasture land.
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Fraction of Time Spent in Offsite Dwelling Site

¢ Indoors: This is the fraction of time that the receptor spends in a building
situated away from the primary contamination.

o Outdoors: This is the fraction of time that the receptor spends outdoors of
the offsite dwelling that is located away from the primary contamination.

Fraction of Time Spent in Farmed Areas: This is the fraction of time that the receptor spends
outside in agricultural land and pasture land contaminated by irrigation or by atmospheric
deposition. If any agricultural or pasture land overlies the primary contamination, the time spent
in that common area should be included in the entry for the agricultural or pasture land and in
the outdoor time fraction above the primary contamination.

Note: The sum of the time fractions spe