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1. INTRODUCTION

The Radiological Toolbox software, hereafter referred to as the Rad Toolbox or simply Toolbox, was
developed by Oak Ridge National Laboratory (ORNL) for the U.S. Nuclear Regulatory Commission
(NRC). This computer application provides access to physical, chemical, anatomical, physiological, and
mathematical data (and models) relevant to the protection of workers and the public from exposures to
ionizing radiation. A graphical user interface enables viewing of the data and its extraction for use in
computations. The data are stored in Microsoft Access databases or in flat ASCII files and, for the most
part, the values are in Sl units. The data can be displayed and extracted in user-specific units. Users of
the Toolbox can retrieve data from eleven data collections (see Table 1.1).

Table 1.1. General Description of the Radiological Toolbox Data Elements

Data Collections

Description of Data Collection

Biological Data
Decay Data

Dose Coefficients

Dose Calculation
Early Inhalation
Element Data
Material Data

Public Exposure Data
Radiation Field Data

Risk Coefficients
Supplemental Data

Biokinetic models, reference anatomical data, bioassay data, and
summary information on radiation health effects

Detailed information on the radiations emitted by radionuclides and
members of serial decay chains

Internal dose coefficients for intakes of radionuclides by workers and
members of the public and external dose coefficients for members of
the public exposed to radionuclides external to the body

Calculation of dose for worker or member of the public exposed to a
radionuclide mixture

Absorbed dose coefficient integrated over a user-specific time period
following an inhalation intake

Radiation interaction coefficients with elements for alpha, electron,
photon, and neutron radiations

Radiation interaction coefficients with materials for alpha, electron,
photon, and neutron radiations

Summary information on radiation exposures to natural background
radiation and from medical exposure

Organ doses for workers resulting from idealized photon and neutron
radiation fields

Nuclide-specific risk coefficients for public exposure

Collection of reference information ranging from Sl units to numerical
limits on the activity content of radionuclides in transport

The computational procedures within the Toolbox enable calculation of absorbed dose coefficients for a
user-specified time period post an acute inhalation intake as needed in assessing potential deterministic
effects, the derivation of radiation interaction coefficients for materials based on their elemental
composition, the activity of members of serial decay chain at user-specified times, and the committed
equivalent and effective dose for a user-specified mixture of radionuclides. Information is also provided
on the excretion and retention of selected radionuclides following inhalation intakes in the workplace.
The software’s help files provide access to textual information on topics ranging from those of a general
nature to the details of models describing the fate of radionuclides in the body. Portions of this report are
included within the software as an online user guide.



1.1 Release Notes

This is the third general release of the Radiological Toolbox. Some minor restructuring of the information
content of the Toolbox was undertaken with inclusion of risk coefficients from Federal Guidance Report
(FGR) 13 (EPA, 1999), data on thermal neutron cross sections, and other enhancements suggested by
users. In addition, this version of the Toolbox (Ver. 3.0) and its help files will run under Windows Vista,
7, and 8 operating systems on 32- and 64-bit machines.

1.1.1 Installing the Software Installation

The Toolbox is installed by running the distributed set-up module TB_SETUP.EXE, a standard Windows
installation file.” The default folder (directory) for the installation is C:\Rad_Toolbox however the user
can install the software in a folder of his choice. It is recommended that the software not be installed in
C:\Program Files folder. During installation the system may report messages for which the ‘ignore’ option
is the appropriate response. The installation will place on the desktop the Toolbox icon as a shortcut to
invoke the software, provide an option to view a Readme.txt placed in the folder and execute a check on
the installed data files (see Sect. 3.7 for details). Clicking on the shortcut results in the display of the
Toolbox user interface (or menu) as shown in Fig. 1.1. The interface consists of a column of buttons on
the left, which define different data collections, and the folders on the right, which detail the specific
items within the highlighted collection. The software can be removed from the computer by clicking on
the executable unins000.exe that resides in the Toolbox folder.
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Fig. 1.1. Rad Toolbox initial screen.

“The installation file was created using Inno Setup compiler available from http://www.innosetup.com.



The Toolbox provides viewing of a number of documents with file extensions pdf and txt. This capability
depends on the user having associated files with extensions pdf and txt with Adobe Acrobat Reader” and
an ASCII editor (such as Microsoft’s Notepad), respectively. The export of user-selected data from the
Toolbox is accomplished using Microsoft Excel, which must be installed to enable this functionality.

1.1.2 Known Bugs in Version 3.0

In some instances, the graphical display of the decay chain associated with the parent radionuclide may
contain artifacts, e.g., as in the Am-242m chain. However, the software should not crash as the chain is
assembled. Caution: The decay chain graphics have not been tested for all potential parent nuclides.

Within the Dose Coefficient collection the identity of a requested nuclide is retained as one goes from one
type of coefficient (folder) to the next. If coefficients of the requested type are not available for the
specific nuclide, then a message box appears indicating that no information of the nuclide is available.
This action can be demonstrated by pressing Dose Coefficients, selecting the Public External Coefficient
folder, and requesting dose coefficients for the noble gas Kr-85. After displaying the coefficients, now
change to the Worker Coefficients (ICRP 30) folder, note that the requested nuclide is still Kr-85, and
now attempt to display coefficients for the ingestion mode of intake. Clicking Display results in a
message box indicating No nuclides found. This occurs because dose coefficients for the intake of noble
gas radionuclides are not addressed for internal irradiation (neither are radionuclides of half-life less than
10 min) but they are for external irradiation. Similar situations can occur within the Element Data and
Material Data collections as interaction coefficients present for an element or material may not be present
for all elements or materials.

1.2 Support

Users encountering difficulties or potential errors are encouraged to contact NRC' for guidance and to
have such issues addressed in future updates. Users are also encouraged to send suggestions for
additional features and databases for inclusion in future updates to the Toolbox.

A discussion forum for Toolbox users is available at the ORNL Center for Radiation Protection
Knowledge https://ordose.ornl.gov/forum/. This forum will enable users to exchange information and
share their experiences with the Toolbox.

“Adobe Acrobat Reader of Adobe Inc. is available from htt://www.pdf-2007.com/index.asp.
fwww.nrec.gov/about-nrc/requlatory/research/contact-us-rad-toolbox.html
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2. TOOLBOX CONTENT

When the Toolbox is initiated, the screen of Fig. 1.1 appears. The discussion below, refers to the column
of buttons on the left side of the screen as data collections, and the structure on the right as folders. Note
these terms do not refer to database structures but are used to facilitate the discussion. The headings of
Sect. 2.2 — 2.11 below correspond to the data collections of the Toolbox as indicated in Fig. 1.1.

2.1 Main Menu Bar

The menu bar at the top of the screen (see Fig. 1.1) provides access to the software help files. Many of the
folders include access to additional help files on specific data elements. The items on the main menu bar
are:

General Help — Introduction to Toolbox

Glossary — General glossary of radiological terms

View Manual — An abbreviated form of this report

Help Index — Index of the Toolbox contents

About — Toolbox version, acknowledgments, and button to check file integrity

2.2 Biological Data

The Biological Data collection (Fig. 2.1) of the Toolbox contains data on the following:
e Biokinetic Models

Bioassay Data

Composition of Tissues

Organ Masses —ICRP 23/89/72

ICRP 89 Reference Values

Radiation Health Effects

These data are displayed in tables many of which can be exported to Microsoft Excel. The biokinetic
models are from ICRP Publications 68 (ICRP, 1994) and 72 (ICRP, 1996). Urinary and fecal excretion
data and retention data in the bioassay data collection were calculated using DCAL (Eckerman et al.,
2006) for a limited set of radionuclides based on the models of Publication 68. The information on the
compositions of tissues is from Coursey et al. (2001). The organ mass data are from Publications 23, 72,
and 89 (ICRP, 1975, 1995, 2002). The latter is an extensive set of anatomical and physiological reference
values. Information on health effects, both deterministic and stochastic, of ionizing radiation have been
summarized from various sources (Evans et al., 1983; ICRP, 1990, 2005, 2007; EPA 1994, 2011; BEIR,
2006; IAEA, 1998, 2005; Scott, 2004; NCRP 2008, 2009; Rathbone, 2007; Gusev et al., 2001).
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Fig. 2.1. The initial screen for biological data.

2.3 Decay Data

The Decay Data collection (Fig. 2.2) of the Toolbox provides detailed data on the energy and intensities
of the radiations emitted during nuclear transformations (decays). The data are from ICRP Publication
107 (ICRP, 2008); an earlier version of the Toolbox included data from ICRP Publication 38 (ICRP,
1983) with a second set of data from published compilation (Endo et al., 1999; Endo and Yamaguchi,
2001). The ICRP Publication 107 data are in the format of the file structure detailed in Publication 107.
The updating of the Toolbox to ICRP Publication 107 ensures that these data reflect current knowledge.
All nuclide specific data within the Toolbox conform to the nuclide identity of Publication 107. See
Appendix A for additional details.

Information on the energy and intensity of the emitted radiations are displayed in separate tables for alpha
particles, beta transitions (average energy), photons, and mono-energetic electrons. The type of radiation
is identified in each table and its associated code, the variable ICODE — as defined in ICRP Publication
107, is displayed. The beta table contains information on both B+ and - transitions; however, the plotted
spectrum is the composite. X-rays, gamma rays, and annihilation quanta are included in the photon table
with their assigned ICODE. The data for internal conversion and Auger electrons are included in the
mono-energetic electron table. The caption of each table lists the number of radiations of the indicated
type emitted in the decay processes.



The activity of the selected radionuclide (including its radioactive daughter products) can be calculated by
selecting Activity as the data type, entering the time of interest, and pressing Display. The calculation
assumes a unit activity of the radionuclide (the parent in the case of a chain) at time zero. The displayed
results can then be scaled by a user-specified value. This feature is discussed further in Sect. 3.4.

All tables of energy-intensity data are sorted by increasing energy of the emitted radiation. The tables
include all emitted radiations without regard to the potential significance. It is possible to specify a
fractional energy cutoff in percent thus limiting the tables to those radiations that contribute more that the
percentage cutoff to the total emitted energy. For example, a cutoff of 1% would result in the table
containing only radiations contributing more than 1% to the total energy for that radiation type. It is
possible to sort the data by increasing intensity (yield) or by energy (the default sort variable) by clicking
on the column heading. Each table may be separately exported to Excel. (When the Export button is
pressed only the displayed table is exported.)

The beta spectrum is displayed as a graph and exported as a tabulation of the number of electrons Y(E)
emitted with energy between E and E+dE as a function of energy E. That is, as a differential energy
spectrum. For further information see Sect. 3.6.

Provisions are provided to display the air kerma-rate constant, as defined by ICRU (1998), and the point
source air-kerma coefficient for the radionuclides of the ICRP 107 collection.

The air kerma-rate constant as defined by ICRU is for an ideal point source of the radionuclide and is due
only to photons emitted by the source in a vacuum. Annihilation photons, included in the tabulated
emissions in the case of beta plus decay, are not emitted by the radionuclide but rather arise in the
absorbing media and thus are not include in the air-kerma constant. The point source air-kerma coefficient
is defined to include the contribution of annihilation photons and, in the case of spontaneous fission, that
of neutrons. Shown below are the constant and coefficient for 1-122, which decays by electron capture
and beta plus decay. The two quantities are explained under the help button.

r'
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Fig. 2.2. The initial screen for decay data.

The decay chain table includes the specific activity, half-life, decay mode, and identification of
radioactive daughters with their branching fractions. The Summary display lists the various types of
radiations (alpha, electrons, photons, etc.) emitted by the radionuclide including their average and total
energy (MeV) per nuclear transformation (nt or Bq s) and the radionuclide’s specific activity (default
units being Bg/kg).

The decay chain graphic includes half-lives of the chain members; see Fig. 2.3. The stable end product
of the chain is included in the graphic but not in the decay chain table. The graphic cannot be exported.
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Fig. 2.3. An example graphic of the Ac-223 decay chain.

2.4 Dose Coefficients

The Dose Coefficients collection (Fig. 2.4) of the Toolbox provides access to five sets of nuclide-specific
dose coefficients. These are: external dose rate coefficients for 826 radionuclides from Federal Guidance
Report 12 (EPA 1993), the committed dose coefficients for inhalation and ingestion intakes of 738
radionuclides by workers in ICRP Publications 30 and 68 (ICRP, 1979, 1994; EPA, 1988), and age-
dependent committed dose coefficients for the inhalation and ingestion intakes of 738 radionuclides” by
members of the public (six ages at intake) in ICRP Publication 72 (ICRP, 1995). The coefficients are
consistent with those of ICRP Publications 68 and 72 and were extracted, with permission, from the ICRP
CD (ICRP, 2002)". The coefficients of ICRP Publication 30 were available in data files at ORNL. For
each coefficient set it is possible to display up to 20 nuclides at a time for a chosen route of exposure or
intake. The displayed table can be exported to an Excel spreadsheet. The default units used are the Sl
units, i.e., the units of the original data. However, the user may specify non-Sl units for display and
export.

“The numbers of nuclides differ between FGR 12 and ICRP Publications 30, 68, and 72 as the latter
set of publications do not consider the intake of radionuclides of half-life less than 10 minutes.

"The ICRP Database of Dose Coefficients: Workers and Members of the Public; Ver. 3.0 is now
available as a free educational download; http://www.icrp.org/page.asp?id=145.
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Fig. 2.4. The initial screen for dose coefficient data.

Coefficients are displayed for the organ equivalent dose and the effective dose for the selected
radionuclide. For exposure to radionuclide contamination outside the body, the coefficients are for the
adult as considered in Federal Guidance Report 12 (EPA, 1993). For inhalation intakes of radionuclides
the dose coefficients are displayed for all particulate absorption types (or clearance class in the ICRP 30
data set) and for gases and vapors, if applicable. For ingestion intakes, the coefficients for all chemical
forms, characterized by the f; value defining the fractional absorption from gastrointestinal (GI) tract, are
shown for the selected radionuclide. The absorption type or class, f; value, and half-life are included in
the display and in tables exported to Excel.

A note of caution: The set of nuclides selected for display and selected units of the coefficients ‘sticks’
across the folders (data sets) of the section. That is, once a set of nuclides or units has been specified, this
request applies to all dose coefficients to be displayed until the user changes the request. If inhalation and
ingestion coefficients are not available for a nuclide initially specified in the external coefficient folder a
suitable message is displayed.

2.5 Dose Calculations

The Dose Calculations collection (Fig. 2.5) was developed to enable rather simple numerical calculations
of dose for a mixture of radionuclides. The user selects the folder with the appropriate dose coefficients
and then identifies the nuclides and their activity. The mixture can consist of up to 20 radionuclides. In
the case of external exposure the dose coefficients are uniquely identified by the route of exposure and the
radionuclide. Thus it is possible to include the total dose for the mixture in the table. This is not the
situation for the intake of radionuclide where multiple coefficients exist for a nuclide due to different
chemical forms. Thus for inhalation and ingestion intakes it is not possible to include the total dose in the



table but rather the table includes the dose for intake of each chemical form. The user should export the
table to Excel, delete columns of irrelevant chemical forms, and derive the total dose within Excel.
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Fig. 2.5. The initial screen for calculation of dose.

The Activity feature of the Decay Data collection can be used to derive the activity (and time-integrated
activity) of the members of a decay chain. That information can be imported to the Dose Calculations
collection (see Paste Decay Results button) and the calculations for the chain displayed. This feature is
discussed further in Sect. 3.4.

2.6 Early Inhalation

The Early Inhalation collection (Fig. 2.6) of the Toolbox provides a means to derive inhalation dose
coefficients for deterministic health effects. Absorbed dose is the relative dosimetric quantity and separate
values are given for radiations of low and high linear energy transfer (LET). Appropriate values of the
relative biological effectiveness (RBE), see the suggested values (IAEA, 2005) under Radiation Health
Effects in the Biological Data collection, can then be applied to the absorbed dose components.
Coefficients for the small intestine, red marrow, lung (mass average), and alveolar interstitial region can
be displayed. The coefficients are derived from dosimetric data for the adult archived on the Federal
Guidance Report 13 CD (EPA, 2002). These data were based on an aerosol characterized by an activity
median aerodynamic diameter (AMAD) of 1 um. The user may specify integration times (up to 20 times)
from 1 day to 10 years. The units of these absorbed dose coefficients may be changed and the values
exported to Excel.
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A complete set of age-specified absorbed dose coefficients for all organs/tissues and either inhalation or
ingestion intakes is available within the Acute Dose Calculator software. This software is available from
EPA (http://www.epa.gov/radiation/federal/techdocs.html).
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Fig. 2.6. The initial screen for absorbed dose coefficients for early effects.

2.7 Risk Coefficients

The Risk Coefficients collection of the Toolbox provides access to the risk coefficients of Federal
Guidance Report 13 (EPA, 1999, 2002) as shown in Fig. 2.7. The risk coefficients of that report apply to
an average member of the US public in the sense that the estimated risk are averaged over the age and
gender distribution of a hypothetical closed “stationary” population whose survival functions and cancer
mortality rates are based on those of the US. The hypothetical population is referred to as “stationary”
because the gender-specific birth rates and survival functions are assumed to remain invariant over time.

For a given radionuclide and exposure mode, both a mortality and morbidity risk coefficient are
displayed. The mortality risk coefficient is an estimate of the risk to an average member of the US
population, per unit activity inhaled or ingested for internal exposures or per unit time-integrated activity
concentration in air or soil for external exposure, of dying from cancer as a result of the intake of the
radionuclide or external exposure to its emitted radiations. The morbidity risk coefficient is a comparable
estimate of the average total risk of experiencing a radiogenic cancer, whether or not the cancer is fatal.
The data are presented for each of 14 cancer sites. For details regarding how the coefficients were
derived, how to apply the coefficients and their limitations the user should consult Federal Guidance
Report 13 (EPA, 1999).
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Fig. 2.7. Federal Guidance Report 13 risk coefficients.

2.8 Element Data

The Element Data collection of the Toolbox provides access to interaction coefficients for alpha, electron,
photon, and neutron radiations in passing through elemental absorbers (Fig. 2.8). The user may select the
type of data (coefficient) for display and its units. Once the data table (Fig. 2.8) is displayed, the data may
be plotted (Fig. 2.9) as a function of energy, by double clicking on the data column of interest. The entire
table may be exported to Excel. Coefficients are not available for every element or for each radiation
type. The photon cross section, alpha, and electron data are from Berger et al. (1999, 2005). The
parameters of the geometric progression (GP) form of the photon build-up factor (Harina, 1983; Harima
et al., 1986) are from ANSI Standard 6.4 (1991). The user can display the parameter values or a table of
the buildup factors for photon of energy between 0.015 and 15 MeV at distances ranging from 0.5 to 60
mean free paths (MFP). The Photon Buildup folder contains a graphic of the equation for the GP build-up
factor. The photon and neutron kerma coefficients were taken from KERMAL, RSICC package DLC-143
(Howerton, 1986a, 1986b).

The Atomic Mass folder of the Element Data collection provides access to atomic mass and isotopic
abundance data. These data, which can be exported to Excel, are from Coursey et al. (2001). Stable,
primordial, and cosmogenic radioactive isotopes are marked with a colored background. This information
was abstracted from the 16™ edition of the Chart of the Nuclides (Baum et al., 2002).
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1.50E-01 1.62E+00 5.98E-02
1.75E-01 1.51E+00 7.5BE-02
2.00E-1 1.43E+00 9.25E-02
2.50E- 1.32E+00 1.25E-01
3.00E-01 1.26E+00 1.58E-01
3.50E-01 1.20E+00 2.08E-01
4.00E-01 1.17E+00 2.52E-01
4.50E-O 1.15E+00 2.95E-01
5.00E-01 1.13E+00 3.39E-01
5.50E-01 1.12E+00 3.83E-01
R N0F -m 1 17F +n 4 7AF-m

»

Export

EE
Print |
o |

0K

Fig. 2.9. An example of a data table for actinium (Ac).
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[ Electron data for Ac = |6
1.0E+02—=
1.0E+014=
= :
T 10E+00+
0
""9 z
@ -
()]
§  10E-01-
i4
<
a :
w
G 10E-D2
1.0E-03
10808 Lt b
1.0E-02 1.0E-01 1.0E+00 1.0E+01 1.0E+02 1.0E+03
Kinetic Energy (MeV)
Frin | SetolLivilag ok
Fig. 2.10. An example data plot.
2.9 Material Data

The Material Data collection (Fig. 2.11) provides access to various radiological properties of materials.
Interaction and kerma coefficients for the materials (Berger et al., 2005) are derived using the elemental
compositions specified by Coursey et al. (2001) with reference to Coplen (2001), Rosman and Taylor
(1998) and Audi and Wapstra (1995). Within the Composition folder the elemental composition and
assume density of the material can be viewed and exported. In addition, the PNNL-15870 compendium of
material compositions (Williams et al., 2006) tabulated for use in radiation transport modeling is available
for viewing. The material definitions in the kerma references (Howerton, 1986a, 1986b) are not used. As
kerma values were only available for element of atomic numbers less than 30, only materials composed of
these elements can be considered. In computing the coefficients, the isotopes of the composition were
assumed to be either the natural occurring isotope or the most abundant isotope of the element. The

interaction and kerma coefficients can be exported to Excel spreadsheets.
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@ Radiological Toolbox

General Help  Glossary

Biological D ata
Decay Data
Dose Coefficients
[oge Calculations
E arly Inhalation

View Manual HelpIndex About

| Uzer-defined

Select:
[~ Stopping Power - Collision

[ Stopping Paower - R adiative
[v Stopping Power - Total

v CSDi Range

[~ Radiation Yield

[ Density Effect Delta

Select Unitz

Coefficients: MeV cm”2 ¢ g
Range: qg I cm” 2

L

Dizplay
Help
Refs

Element D ata
Public Expozure Data
R adiation Field Data
Risk Coefficients

Supplemental Data Phaton Cross Section l Electron Data
L Alpha Data l Phaton Buildup
[ Compogition l Kema

Fig. 2.11. The initial screen for material data.

Photon build-up factors (geometric progression GP form) are derived for materials following the
procedure outlined by Sidhu et al. (1999, 2000). The procedure estimates the parameters of the GP form
for the mixture using the parameters tabulated for the 23 elements specified in the ANSI standard (ANSI,
1964). The parameters of the GP form or a table of the build-up factors for photon of energy between
0.015 and 15 MeV at distance ranging from 0.5 to 60 mean-free paths (MFP) can be displayed and
exported to Excel.

Provisions are included in this release to enable the user to define a material and calculate its interaction
coefficients. See Sect. 3.5 for an illustration of this feature.

2.10 Public Exposure Data

The Public Exposure Data collection (Fig. 2.12) contains data such as:
Natural Background Radiation

Background Radiation in the Body

Radionuclides in Materials

Radionuclides in Devices

Primordial Radionuclides

Typical Exposures during Medical Procedures

The annual dose from natural background radiation in the United States and radionuclides in the body are
from Report 160 of the National Council on Radiation Protection and Measurement (NCRP, 2009).
Information on radionuclides in material and the primordial radionuclides are from the Radiation
Information Network (http://www.physics.isu.edu/radinf/). The information on radionuclides in devices is
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from a report of the International Atomic Energy Agency (IAEA, 2003). The typical exposures during
medical procedures are from the DOE Dose Range Graphic (the graphic is included in the Toolbox — see
Supplemental Data collection). The concentrations of radionuclides in materials are from Schneider et al.
(2001). The typical exposures during medical procedures are from Mettler et al. (2010).

@ Radiclogical Toolbox SREREES

General Help  Glossary  View Manual  HelpIndex  About

Biological D ata
Matural Backaground A adiation |
Decay Data Backaground Radiation in the Bady |
Dose Coefficients Radionuclides in Materials |
Dose Calculations Radioruclides in Devices |
Early Inhialation Primordial A adionuclides |
Element Data Typical Expozures during Medical Procedures |

Material Data Typical Exposures during CT E xaminationg
DOE lonizing Radiation Dose Graphic
Radiation Field Data
Risk Coefficients
Supplemental Data

Public Exposure Data J

Fig. 2.12. The initial screen for public exposure data.

2.11 Radiation Field Data

The Radiation Field Data collection (Fig. 2.13) provides access to conversion coefficients for the
operational quantities and organ dose coefficients for mono-energetic neutron and photon radiation fields.
These data, compiled by a joint task group of ICRP and ICRU, were abstracted from ICRP Publication 74
(ICRP, 1996). Organ dose coefficients are available for antero-posterier, postero-anterier, left-lateral,
right-lateral, rotational, and isotropic exposure geometries. Graphics defining these geometries are
displayed. Once a table of coefficients is displayed, the user may plot any data column by double-clicking
on the column heading of the column. The entire table may be exported to Excel.
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@ Radiclogical Toolbox = | = P

General Help  Glossary  View Manual  Help Index  About

Biological Data Select:
Operational quantities
Decay Data AP - Antero-postenier geometiy
P4, - Postera-anterier geomeatry
Dose Coefficients
[ose Calculations

LLAT - Left lateral geometry
RLAT - Right lateral geometry
ROT - Rotational geametry
E arly Inhalation Select Units
Element Data pSV cm”™2
Sv I G
Matenial Data / 4

150 - |zotropic geometmy
Dizplay | Help |
Fublic Expozure Data
Refs
Radiation Field D ata

Mote: For gamma constants, go the

Risk Cosfficients Decay Data / Summary display.
Supplemental Data

T YW

Photon Radiation Field [ICRP 74) l MHeutron F adiation Field [ICRP 74)

Fig. 2.13. The initial screen for conversion coefficients for radiation fields.

2.12 Supplemental Data

The Supplemental Data collection (Fig. 2.14) provides access to other radiation and health physics data.
This collection includes:

Sl Units

Physical Constants

Conversion Factors

International Nuclear and Radiological Event Scale (INES)

Formulas

Web Pages

DOE Dose Ranges

Transport Package Regulations (A1/A2 Table)

The Physical Constants and Conversion Factors may be exported to the clipboard by right-clicking on the
desired numerical value. A simple web browser is available to view the web links. The discussion of SI
units is abstracted from Baum et al. (2002). An extensive listing of physical constants is available from
NIST (http://physics.nist.gov/constants). The unit conversion factors are from Lide (1997). The formula
or equations are from various sources. The DOE Dose Ranges graphic was compiled by the DOE Office
of Science to provide an “orders of magnitude” sense of radiation doses range from NCRP’s “Negligible
Dose” to those of cancer radiotherapy. The graphic can be viewed in either SI or conventional units.
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@ PRadiological Toolbox = | & PS
General Help  Glossary  View Manual  Help Index  About
Biological D ata Units, Constants, Conversion Factars
51 Units Phyzical Congtants Conversion Factors |
Decay Data
Carrversion factars are from the 77th edition of the CRC Handbaook. of Chenistry
. ahd Physics, 1996, Chemical Rubber Publishing Ca.
Dose Coefficients
International Muclear and Radiological Event Scale [IMES)
Dose Calculations Diisplay
E arly Inhalation Formulas
Diizplay |.t’-‘«t0m - Mass Fraction j
Element Data
wieh Pages
Material Data Diizplay |Eenter for Biokinetic and Dogimetric Research j
Public Exposure Data DOE Dose Ranges
Drigplay
Fadiation Field Data 4
Tranzport Package Regulations - 10 CFR 71
Rizk Coefficients
g A142 Table |
Supplemental D ata |
Supplemental D ata J

Fig. 2.14. The initial screen for supplemental data.

The INES tool for communicating the significance of nuclear and radiological events to the public in a
consistent manner is provided. The IAEA coordinated the development of the scale with the OECD/NEA
and the support of more than 60 member states. Further information and a user’s manual is available at
http://gnssn.iaea.org/regnet/Pages/INES.aspx.

The transport package regulation consists of the A; and A, values for radionuclides from Appendix A of
10 CFR Part 71 (FR, 2004). The values are given in Sl units, TBq (10" Bq), and conventional units, Ci.
The A; value is the maximum activity of a special form of the radionuclide permitted in a Type A
package. The A, value is the maximum activity of a radionuclide, other than in a special form, that is
permitted in a Type A package. A Type A package is defined as a package complying with DOE
regulations in 49 CFR Part 173.
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3. HOW TO ACCESS RAD TOOLBOX FEATURES
This section describes the use of some of the Rad Toolbox features.
3.1 Use Of The Nuclide Input Grid In Requesting Dose Coefficients

Dose coefficients can be requested for up to 20 radionuclides in a single query by either typing in the
radionuclide name or select it from the choice list. The user can navigate the choice list by typing the first
few characters of the selected name and then pressing Enter. If an invalid name (either misspelled or a
radionuclide not in the database) is entered, an error message is displayed and that entry must be corrected
or changed to a blank to continue. Always enter a name in the top cell of the list, but blank cells may exist
between filled cells. The table displayed will not necessarily have the radionuclides in the order that they
were entered.

3.2 Use Of The Choice Lists In Requesting Nuclide, Element, And Material Data

For choice lists where a single item is to be selected, either type in the item name or select it from the
choice list. The user can navigate the choice list by typing the first few characters of the selected name. If
an invalid name is provided (either from misspelling or specifying an item not included in that database)
an error message is displayed and the entry must be corrected to continue.

3.3 How to Export Data
The export of data from the Rad Toolbox is possible only if Microsoft Excel has been installed.

An Export button is available on each table that may be exported. The first time the Export button is
pressed, a new Excel file is opened. The data in the displayed table are copied to the first sheet of the
Excel file. If the Excel file remains open then additional exported data tables will be copied to the same
sheet as the previously exported data. The new data will be positioned next to the previous data, with one
blank column in between. If the Excel file is closed then the next request to export a data table results in a
new Excel file. The Rad Toolbox will not export data to an existing Excel file.

3.4 Use The Activity Feature In Dose Calculations For A Decay Chain

As an example, consider the calculation of the external dose rate one week post the deposition on the
ground surface of pure Ra-226. The Activity feature of the Decay Data collection can be used to compute
the activity and time-integrated activity (s) or nuclear transformation of each chain members over a user-
specified time (d) period. Fig. 16 shows such values. The activity data is selected by clicking on its
column heading and pressing the Copy button.
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Muclide Activity [Bq) Inteqrated Activity (]
p |FRa-226 1.00E+00 B.05E+05
Rn-222 F19E-0 2 B2E+05
Po-218 715E-01 2 B2E+05
Pb-214 FA7E- 2 BOE+05
Ar-218 1.44E-04 5.24E+
Bi-214 FBE-O 2R8E+05
Rn-218 1.44E-07 5.24E-02
Pao-214 71BE-01 2 B9E+05
TI-210 1.50E-04 5.44E+M
Pb-210 2 56E-04 5.E2E+M
Bi-210 FA0E-D5 1.18E+01
Hg-206 4 86E-12 1.06E-06
Po-210 B.E1E-07 a.77E-02
TI-206 9.85E-11 1.67E-05

Fig. 3.1. Activity and integrated activity at day 7 for Ra-226 chain.

The user then goes to the Dose Calculations collection, selects the Public External Coefficients folder,
presses the Paste Decay Results button, and selects Ground Surface as the exposure mode. Pressing
Display provides a table of the contribution to dose of each chain member as seen in Fig. 3.2. Note the
members of the chain may not be listed in the order of the decay chain. Note: To show the total column in
Fig. 3.2, the display has been scrolled to the right. The values under the total column represent the dose
rate (Sv/s) at day 7 post the initial deposition of 1 Bg/m? of pure Ra-226. This table can be exported to
Excel.

p |Huclide Total
Adrenalz 9.85E-12
Bladder '/ all 1.0BE-11
Bone Surface 2.09E-11
Brain 1.03E-11
Breast 1.20E-11
E zophagus 9.20E-12
Starach wall 1.05E-11
Small Intesting wall 1.00E-11

|lpper Large Intestine \Wwall | 1.03E-11
Lowser Large Intestine Wall | 1.04E-11

Fidneys 1.05E-11
Liver 1.05E-11
Lungz 1.12E-11
huzcle 1.21E-11
Qvaries 1.07E-11
FParcreas 9.55E-12
Fied b arrow 1.11E-11
Skin 4.35E-11
Spleen 1.06E-11
Testes 1.23E-11
Thyrives 1.058E-11
Thyroid 1.14E-11
IIteruz 1.00E-11
Effective [ICRP 28] 1.18E-11
Effective [ICRP BO] 1.16E-11

Fig. 3.2. The dose rate at day 7 post a deposition of 1 Bg/m? of pure Ra-226.
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Had the integrated activity (S) been pasted into the dose calculations the resultant numerical values would
represent the dose (Sv) over the seven-day period following the initial deposition of 1 Bg/m’ of Ra-226.
The display would indicate dose rate (Sv/s) not dose (Sv) - the user must be mindful of the nature of the
calculations undertaken.

3.5 How to Define a Material and Calculate its Interaction Coefficients

As an example, consider a calculation of the electron interaction coefficients for the user-defined material
silly cement. Silly cement consists of H, C, and Cl in mass fractions 0.06, 0.54, and 0.40, respectively.
When the Material Data collection is displayed the pull-down menu of materials defaults to “User-
defined.” Clicking the Display button brings up the input screen to define the material. The completed
input screen for silly cement is shown in Fig. 3.3. Press the Exit button to compute and display the table of
interaction coefficients for silly cement. The input screen includes a note that must be followed for proper
closure of the data input.

r 5
[E. Define a new material |ﬂl

b aterial name: Silly cement

Elerment  |Mazs Fraction - Mote: wWhen you have
H E.0O0E-02 finished entering data, you
- must click on the row
EI Egggg} below the data you have
y ; entered.

Cancel
=

Exit

Fig. 3.3. Input screen for user-defined material.

3.6 How to Generate Histogram Representation of Beta Spectra

As discussed in Sect. 2.4, the Toolbox includes the beta spectra data of ICRP Publication 107 (ICRP
2008). The number of electrons emitted per nuclear transformation of energy between E and E + dE are
tabulated on a fixed logarithmic-type energy grid extending out to the end-point energy. The P-32 beta
spectrum is shown graphically in Fig. 3.4 as created by the Toolbox. Note the graphic label indicates the
end point energy of the spectrum in this case is 1.7106 MeV with an average energy of 0.695 MeV.
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The number of electrons per nuclear transformation N is given by
N = fOOY(E) dE 1)
and the average energy E of the spectrum is "
E= % fOOOY(E) E dE (2)

where Y(E) is the tabulated spectrum (export of those values is available for the graph) and the integrals
of Egs. (1) and (2) extent over the spectrum; the infinite upper limit is the end point energy.

@ Radiological Toolbox =

General Help  Glossary  View Manual  Help Index  About

Biological Data Muclide:[p_32 - Select type of data:
g Select Units

" Energy-lntenzity Data

Decay Data ?: Beta Spectum [Specific Activity]
Decay Chain Table
| o % | e [Batka

Doze Coefficienty 4 ICRP 07 Beta Spectrum for P-32: End point 17106 and average energy 0.693 MeV == =

Dose Calculation:
E arly Inhalation
Element Drata

M aterial ' ata
Public Exposure D
R adiation Field D4
Risk Coefficients

Supplemental D at

Frint | Export to Excel Table | Export ta Monte Carlo Input | QK

Fig. 3.4. Graphic display of the P-32 beta spectrum.

The graphical display includes provisions to print and export the spectrum and to invoke a module to
represent the spectrum as a histogram that might be sampled in Monte Carlo simulations. Clicking the
“Export to Monte Carlo Input” invokes the BINBETA module, which for a user-specified number of
energy bins (default 10) tabulates histograms normalized to the emission of 1 beta particle (see Fig. 3.5).
The output of the BINBETA module is shown in Fig. 3.6.
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7 BINBETA Code: bin beta spectra:  KF Eckerman ORNL 01/11/2013 =B %

P-32 Decay Mode: B— Tir2 = 14.263 d

Spectral points = 117

Beta yield (/nt> 2.997E-81
Energy <(MelU-/ntl> 6.249E-81
Mean energy (Mel 6.?251E-A1
End point <Mel> 1.711E+88

Spectrum normalized to emission of a single heta particle.

Enter number of energy bhins (default 18> = 18

File P-320UT.TXT iz in folder C:“Apps_kfe“Rad_Toolbox.

Press {Esc> to exit or any other key or left click mouse to redo...

Fig. 3.5. BINBETA module to represent the beta spectra in terms of a histogram.

BT TextPad - C:\Apps_kfe\Rad_Taolbax\P-320UT.TXT =R

File Edit Search View Tools Macros Configure Window Help

O = B &R ¥ B > D A Tt e s < : Findincrementally [l ir Match case _
P-320UT.TXT o
P-32 Decay Mode: B— T1/2 = 14.263 d [

Below is the beta spectrum normalizied and binned for sampling in
Monte Carlo calculations. Distributions for bins uniform in energy

and uniform in probability are tabulated. P(El, E2) is probability

of a beta with energy between E1 and EZ and P(0, EZ) 1is the probability
of a particle of energy < EZ2.

Beta yield (/nt) = %.%%7E-01

Energy (MeV/nt) = 6.%45%E-01
Mean energy (MeV)= 6.3%51E-01
End point (MeV) = 1.711E+00

Spectrum normalized to emission of a single beta particle.

10 Bins Uniform in Energy
E1l E2 P(ELl,E2) P(0,E2)

0.00000 0.17107 0.07413 7.4130E-02
0.17107 0.34213 0.11%31 1.5345E-01
0.34213 0.51320 0.14870 3.4214E-01
0.51320 0.68426 0.16138 5.0352E-01
0.68426 0.85533 0.15685 ©.6037E-01
0.85533 1.02640 0.13645% 7.5685E-01
1.02640 1.19%746 0.10405 S.00S0E-01
1.19746 1.36853 0.06541 S5.6631E-01
1.36853 1.53%5% 0.0287% S5.S510E-01
1.539%5% 1.71066 0.004%0 1.0000E+00

m

10 Bins Uniform in Probability
E1l E2 P(ELl,E2) P(0,E2)

0.00000 0.2132% 0.10000 1.0000E-01
0.2132% 0.35028 0.099%% 1.S9SSE-01
0.35028 0.466%% 0.10002 3.0001E-01
0.466%% 0.57511 0.09%%% 4.0000E-01
0.57511 0.6&8055 0.10000 5.0000E-01
0.68055 0.78772 0.09%9%% S5.595SE-01
0.78773 0.%0175 0.10002 7.0002E-01
0.%0175 1.03085 0.10000 8.0001E-01
1.03085 1.19%562 0.09%%7 8.59S8E-01
1.1%563 1.71066 0.10002 1.0000E+00

The file P-320UT.TXT is in folder C:\Epps_kfe\Rad Toolbox. -
IE .
Search Results X
q Search Results Tool Qutput
For Help, press F1 1 1| Read  Ovr | Block| Sync Rec | Caps

Fig. 3.6. Output file of the BINBETA module with the histogram tabulations of the beta spectrum.
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3.7 How to Check the Integrity of the Rad Toolbox Data Files

Following installation of the Radiological Toolbox a procedure is invoked to confirm the integrity of data
files by performing an cyclic redundancy check; a so-called CRC procedure. This error-detecting
procedure is commonly used to detect accidental changes in data files. At any time the user can confirm
the integrity of the data files by clicking on the CRC Check button on the “About” pull-down menu off
the main menu.

24



4. SUMMARY

4.1 Summary and Conclusions

The objective of the Radiological Toolbox software is to provide the health physicist with electronic
access to the extensive and varied data that underlie occupational and environmental radiation protection.
These data are available within documents issued by various national and international authorities. Under
the guidelines for software development, this application is categories to be of a general nature and in a
utility role. It is assumed that the user is a trained professional or is undergoing training in health physics
and thus the application is a technical resource. The numerical calculations undertaken within the
Toolbox are, for the most part, limited to unit conversion if the user so requests. Calculations are also
undertaken to derive interaction cross-sections for user-specified material, tabulate beta spectra in terms
of histograms for input into Monte Carlo calculations, tabulate the activity of members of decay chains at
user specified times, and tabulate organ doses for intakes of nuclide mixtures.

The Radiological Toolbox has been well received by the user community. While this version (3.0) may
not respond to all user comments and suggestions we continue to look forward to further comments and
suggestions.

4.2 Topics for Further Consideration

The Radiological Toolbox software was developed for application on a Windows-based laptop without
requiring access to the internet. The feasibility of implementing the Toolbox on tablets and smartphone
devices or as web-based software was considered during the course of the project. The latter was judged
to be the best option because web access does not appear to be a limiting issue.

Radiation protection is itself in a period of change. The recommendations of ICRP Publication 103 (2007)
are being translated to nuclide-specific operational quantities and rule-making is being considered to
adopt these recommendations within the U.S. Thus, this is not the time to undertake a major rewrite of the
Toolbox software.
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APPENDIX A

IDENTITY OF ISOMERS IN ICRP PUBLICATION 38



The nuclear decay data used in the calculations of the dose coefficients of ICRP Publications 30, 68 and
72 (ICRP 1979, 1994, 1995) were from ICRP Publication 38 (ICRP 1983). The physical data available
during the preparation of Publication 38 was insufficient to identify the ground and excited state of a few
radionuclides. These radionuclides and their isomers were identified by their half-life and assigned an ad
hoc designation, for database purposed, in the ICRP Database of Dose Coefficients: Workers and
Members of the Public (ICRP 2002) based on their relative physical half-life. In ICRP Publication 107
(ICRP 2008) the ground and excited states of these isomers have been identified below and that notation
is used in the tabulations of the Radiological Toolbox.

Table A.1. Identification of Isomers in Publication 38

Publication 38 Publication 107
Nuclide” T Nuclide
Nb-89s 66 m Nb-89m
Nb-89I 122 m Nb-89
Nb-98 51.5m Nb-98m
Rh-102 29y Rh-102m
Rh-102m 207 d Rh-102
In-110s 69.1m In-110m
In-110I 49h In-110
Sb-120s 15.98 m Sb-120
Sbh-120I 5.76d Sbh-120m
Sbh-124ml 20.2m Sb-124n'
Sb-128s 10.4m Sbh-128m
Sh-128l 9.0Lh Sbh-128
Eu-150s 12.62 h Eu-150m
Eu-150I 34.2y Eu-150
Th-156ms 5.0h Th-156n"
Th-156ml 24.4h Th-156m
Ta-178s 9.31m Ta-178
Ta-178l 2.2h Ta-178m
Ta-180m 8.1h Ta-180
Ta-180 1.0E13y Ta-180m¢
Re-182s 12.7 h Re-186m
Re-182I 64.0 h Re-186
Ir-186s 1.75h Ir-186m
Ir-186l 15.8 h Ir-186
Ir-190ms 1.2h Ir-190m
Ir-190ml 3.1h Ir-190n’
Ir-192m 241y Ir-192nf
Np-2365s 225h Np-236m
Np-236l 115E3y Np-236
Es-250 2.1h Es-250m

“Ad hoc notation ‘s’ and ‘I’ denotes short and long physical
half-life as used in ICRP CD 1.

"Metastable state of higher energy than the first metastable
state, and is hence denoted by ‘n’.

*Half-life so long that the metastable state has never been
observed to decay; Ta-180m is observationally stable.




