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* This “Toolbox” existed for years....
e 2003 — NRC contracted ORNL to shape it.
+ 2007 — Radiological Toolbox V2 issued.

* 2013 — Radiological Toolbox V3 issued
with NUREG/CR-7166, the user’s i
manual. .




@ US.NRC What’s in The Latest

United States Nuclear Regulatory Commission
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 Rad-Toolbox V3.0 (April 2013)
®USNRC weeane — Windows 7 and OS 64-bit

et oo i compatible
— Codeis 27 MB in size and one click
to install.

— TRM certified for NRC

Radiological Toolbox
User’s Guide

g;lu;ﬁgﬁ;hceorpnl:;edz:o:\grﬂ 2013 WO r kstat i O n S
oy : — Forum: Look for your feedback

Oak Ridge National Laboratory
Managed by UT-Battelle, LLC

e User’s Manual (May 2013)

C. Sun, NRC Project Manager

— In color and PDF searchable
— References are up to date
Office of Nuclear Regulatory Research i BUiIt'in under ”VieW_ManuaI" tab
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Protecting People and the Environment

“Toolbox” software developed by ORNL for USNRC is
designed to provide electronic access to the vast and
varied data...These data represent physical, chemical,
anatomical, physiological, and mathematical
parameters detailed in various handbooks... This
release has been tested on Windows 7...The nuclear
decay data has been updated, thermal neutron
capture cross sections, and cancer risk coefficients.



United States Nuclear Regulatory Commission

2 US.NRC something You Should Know ;

Protecting People and the Environment

* The software can be removed by clicking on the
unins000.exe that resides in the Toolbox folder

* User’s Guide, PDF: Can be highlighted or add note...

* Knowing bugs: The decay chain graphics have not been
tested for all potential parent nuclides.

 The default units for dose coefficient is Sl units, i.e., the
units of the original data.

* A note of caution in Page 9.

* Runtime Error ‘3051’ has been received. Your input and
feedback are welcome.
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(%’)HimeEmC Must Know the Basic!

Protecting People and the Environment

http://www.hpsl.org/aahp/abhp/exams/formulas.pdf

1 1 1
A4 = = i
el TR

7, < 0693 L
i 2 1 5
p d;

i 13
Aty = Aye™ il —
1.7, (s) AtomicMass
: I

5-9 October 2015 RAMP Fall 2015 | Washington, DC



"
KQJUS@NBMC HP Constants
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Useful Constants and Conversions

Avogadro’s number........................ 6.023 x 10*° mol™
PNk S Eomslaie. . ooonoumesmany 6.625.x 107" 1«
volamc ol ideal pas(STP) .o 22.4 L mol’
Sin oot 1.602x 107 C
seeameni Bl P e . s 2.58x 10" Ckg™
ERIE e enes s o s aea s 1.602 = 1073
L T e R R AR 760 mm Hg
W o2 33.7 €V 101 pair”
LA e 6.242x 10" MeV g™
LI e s s s 1000 L
i 28.32 L
universal gas constant (R)8.32 x 10" erg °C™' g™ mol™
Sl BRI e e R B g &
SRR PTESRIRE o it i Lot i el I atm
Fbarn (b) 10~* cm?
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r
@ Radiological Toolbox =@ =
General Help  Glossary  View Manual Help Index About

E.md Dﬁ | H'l'd L Radiclogical Toolbox - E”E’El

b- General Help  Glossary  View Manual  Help Index  About

nﬂ:ﬂl D“ Bilogical Data [ 3 About the Toolbox L

Decap Data

Dd“ Mm, Dose Coefficients

RADIOLOGICAL TOOLBOX Iﬁ

Werzion 3.0.0 ith T1/2 > 10 m™?

The R adiological Toolbox displays doze factors and =
other radionuclide data. These data can be exported Clear Grid |
to an Excel spreadsheet.

Dose Calculstions

“Yarsion date: April, 2013

Dose Calculations -
E arly Inhalation |
F | Element Data | Acknowledgements | ]
- n L] n [} -

LRC Check |

Material D ata

Public Expozure Data

Radiation Field Data

Rizk Coefficients

Worker Coefficients [ICRP 30) ]_ Worker Coefficients [ICRP 68)
L Public Ingestion Coeffizients l Public Inhalation Coefficientz |
| Public Extemal Cosficients [FGR 12] |

Supplemental Data




United States Nuclear Regulatory Commission

Menu Bar (View Manual

@ Radioclogical Toolbex

Biological Data |
Decay Data |
Dase Coefficients |
Dase Calculafions |
E arly Inhialation |
Element Data |
Material Data |

Public Exposure Data |
Radiation Field Data |
Risk Coefficients |
Supplemental Data |

5-9 October 2015
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Units, Constants, Convers

51 Urits
onversion factors are fro
nd Physics, 1336, Chem

International Nuclear and
Display |

Formnulas

Batemat

‘web Pages

Display | ICRF

DOE Doze Ranges

Display |

Transport Package Regu

A1/82 Table

Supplemental [

L. TBoxMan.pdf - Adobe Acrobat Pro
File Edit View Window Help

Reae- | B SR | @D L

f ! _THJHITHT; =) () | 995% |~ |E|B

Tools | Comment |

Share

Radiological Toolbox User’s Guide

Prepared by
K. F. Eckerman and A. L. Sjoreen
Oak Ridge National Laboratory
Oak Ridge, TN 37831-6170

C. Sun, NRC Project Manager
Office of Nuclear Regulatory Research
U.S. Nuclear Regulatory Commission

Washington, DC 20555-0001
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¥ HTML Help
o e 2> 5

Hide Back Forwand Print

[7] ndependent kinetics of dauul"nerpr:ﬂ G |0553 W
ﬂ Internal exposune
3 lanizing radiation Thi :
— is glossary is based
] nut
@ Radiclogical Toolbox j - m‘:’: S, on that of Federal
7] ksotope Guidance Report 13
. . 7] Kema with liberties to
Biclogcal Data ‘ Inits, Conztants, Corversion Factc :-.l LET accommodate the
51 Units F 7] Lethaity fraction restricted format of
Decay Data ‘ - 7] Life table help files.
Corwersion factors are from the 77 7] Linear model, Linear dose-effect rela
d P . 1936, Chemical Rubt E] . : k
Dose Cosfficisnts ‘ ettt b s ol 2 A coclaent, LW Click on the topic of
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@ USNRC Toolbox’s Data Collections

United States Nuclear Regulatory Commission

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 radionuchdes 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 coeflicient integrated over a user-specific time period
following an inhalation mtake

Radiation iteraction 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 SI units to numerical
limits on the activity content of radionuclides in transport




@ USNRC
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Rad-Toolbox 11 Database

p
@ Radiological Toolbox

General Help Glossary View Manual

Help Index About

Biological D ata MNuclide

Decay Data

Dose Coefficients

m

Dose Calculations

E arly Inhalation

Element Data

M aterial D ata

Public Exposure Data

Radiation Field Data

Rizk Coefficients

Supplemental Data

_ Worker Coefficients [ICRP 30) |

 Select intake mode:

* |ngestion
" Inhalation

[T Include daughters with T1/2 > 10 m?

Select Urits ] Clear Gaid

Sy 7/ Bq

Display |

Help ]

Refs |

‘“worker Coefficients [ICRP 68)

Public Ingestion Coefficients

] Public Inhalation Coefficients

| Public Extemal Coefficients (FGR 12) |

12



@ US.NRC : :
mettus e o (1) Bjological Data

Protecting People and the Environment

@ Radiological Toolbox 9 Bicassay data of occupational inhalation intakes of Pu-239 ICRP 68, Absorption Type S

Double-click any |

: z s : : column to plot
Biological Data Biokingtic Models Time E_Fecall] Cumulative Fecal E_Urinely those data.
. Gl model [days] = Excration =
Display m
Decay Data () [C.00E+00 100K +00 [0.00E+00 [D.00E+00
Binassap Data _|1.00E+00 11201 [1.14E-01 [2 35606
» Disglay | [Puzsm | [1.50E+00 17801 2.086.01 [1.856 06
e 1 LS \—I 2 2 O0E +00 16%E01 277601 1.35E.06
. Z50E-00 122601 328601 1.04E.06
Dose Calculations [y Bioaceay data of occupational inhalation intakes of Pu-239 ICRP 68, Absorption Type
E arly Inhalation
Element Data Help

Iaterial Data

1.0E-03
Public E sposure Data

Radigtion Field Data

Risk Coefficients 1.0E-04—

Export

Supplemental Data Frint

il

1.0E-05 b

Curnulative Urinary Excretion (Bg-24
h/Bg-intake)

1
1.0E+02

Time (days)
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(1) 1-129

United States Nuclear Regulatory Commission

Protecting People and the Environment

3. Bioassay data of occupational inhalation intakes of [-129 ICRP 68, Absorption Type F

Time Cumulative Fecal  Frumgiee Cumuilatiee Llin th data.
{days] E_Fecalt) Eiection E_Umne(t) CEE o]
& Radiological Toolbox
| b | 0.00E+00 0. 00E +00 | DLO0E +00 0.00E-+00
1.00E+00 7.13E-04 7.13ED4 3.06E-M
1.50E+00 8.689E-04 1.13E03 0SE -0
Biological Data | Biokinetic Me |~
Disal — [ Bioassay data of occupational inhalation intakes of 1-129 ICRP 68, Absorption Type F
isplay L
Decay Data | —
Bioa:ssa_l,l Dat : 1 OE+00—
Dose Coefficients | Display | [ 1.0E-01] |
: B 1.0E-024 1
Dose Calculations | EDI.I:I_:'DTM" N 1.0E-03 :
i = 4
it AR E _ 1.0E-04- ;
; [ - :
E anly Inhalation | OiganMasss | £ 1.0E-D5+ :
Display - € 1.0E-06 :
Elemant Data | — - 1.0E-07 :
ICRPEY Refe [~ I;%jr 1.0E-08
Matesial Data | ICRP 29 : = 1.0E-09- I .
5= :
= T 1.0E-104 ;
Public Exposure Data | Radiation He |~ % 1.0E-114
Display w  1.0E-12- |
Radiation Field Data | L 1.0E-13 :
— 1.0E-14— :
Rizk Coefficients | E 1.0E-15+ :
1.0E-16+ P
Supplemental Data | 1.0E17- N
1.0E-18 v
Biclogic 1.0E+00 1.0E+01 1.0E+02
Time (days)

Frint Set to LindLog

5-9( RAMP Fall 2015 | Washington, DC



@ USNRC (1) Bioassay Application

United States Nuclear Regulatory Commission
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24-h Urine Excretion Function
1g
1 B - 10 100 1000 10000
001 | -
% 0.0001 w . ‘M\‘
£ 0000001 .
L= ®
...u_ 1E-08 = -
- 1E-10 &
'E 1E-12 a o
D *1-129 el *
E 1E-14 +
- _— mi-131 u *
*
1E-18 a =
1E-20 =
Post-Intake (Day)
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@ US.NRC (2) Decay Data

United States Nuclear Regulatory Commission

Protecting People and the Environment

@ Radiological Toolbox N [=] £
General Help  Glossary  View Manual Help Index About

Biological D sta Nucide:i = Select type of data:
Select Uniks

* Erergy-Intensity Data

(" Beta Spectum [Speciic Activiby)

(" Decay Chain T able _
" Decay Chain Graphic Linits: Bq ! kg

Dose Cosfficients = Activity

" Summary

Dose Calculations

Select level of E * | data to dizplay Decay time for activity calculstion
; ™ >20% of &l [E)
E anly Inhalation e 1.0 -
O 310% of o [E¥) | reas ]
3 1% of 2l [E7]
Element Data 3 01% of all [E)
@ all radiations Display

Material Drata
Help

Public Exposure Data Refs

R adiation Field D ata Air-F.erma Hate
Congants

Rizk Coefficients
Feriodic Table

Supplemental Data

ICARP 107 Data

5-9 October 2015 13




US.NRC,

United States Nuclear Regulatory Commission

Protecting People and the Environment

I . Radiclogical Teclbox

General Help

View Manual

Biological Data Nuclide: (5,50 i
Decay Data

Glossary

Help Index

(2) Sr-90 Beta Spec.

3 ICRP 07 Beta Spectrum for Sr-90: End point 0.546 and average energy 0.1959 MeV

= i
= i
|
0.0 0.1 0.2 0.3 04 0.5 0.6
E (MeV)
Print Export to Excel Table | Export to Maonke Carlo Input oK

Mic WAN Securi... Shortcut

. health phys..

Hame Insert Design Transitions
5| Layout - =
e ‘;‘Rcs:t
N =
Siide » ] section * SR, P
Clipboard Slide Font
=@ =]
About
Select type of data:
" Energylntensity Data Sekect Urits |
© Beta Spectum (Spesifc Actviy)
" Decay Chain Table
M i Lnts | Bq £ kg
=R ER ="

ity calculation

<
&
3

| Drizplay
Help
Refs

AirFema Rate
Constants

i

Penadic T able

g
g
B
2

Animations Slide Show Review View ADAMS Acrobat
= = — ;= 5= A= ].u _l ‘-l i Ij—lJ
Aa \ L B 2 N NN Shapes Arrange
Paragraph Drawing
Bookl - Microsoft Exce
ta Review View ADAMS Acrobat SecureIIP
= - e w2
= # ¢ Wrap Tex General r-.
- 2y L b a8
EEE PR HMegescenter- § - % v | % J) | Condtional
Formatting = as T
F G H I J K
35
. \‘.,“
s *ons
*
2 >
*
15 -,
*
*
05 1

SecureZlP

44 Find
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lg setect
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@ US.NRC (3) Dose Coefficients

United States Nuclear Regulatory Commission
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- -
@ Radiological Toclbox =
General Help Glossary View Manual HelpIndex About
Biological D ata Nuclide - Select intake mode:
* |ngestion

Decay Data " Inhalation

[ Include daughters with T1/2 > 10 m?

‘ Dose Coefficients

HERRER
I

Select Units ‘ Clear Grid

'Sv /Bq

Display
Help
Refs

HEREER

Worker Coefficients [ICRP 30) I Wworker Coefficients [ICRP 68)

Public Ingestion Coefficients l Public Inhalation Coefficients

| Public Extemal Coefficients (FGR 12] |




Uﬁmqlégmygmc (3) Pu-241; Adult

Protecting People and the Environment

3 Radiclogical Toolbox

Biokogical Data Select age

™ Newbain
Decay Data o hyrod
5 yr-old

" 10 yr-old

Dose Coefficients " 15 prold

* fdult

[ Ingestion Adult dose coefficients { Sv / Bg) from ICRP 72 W Inchude daughters with T1/2 5 10 m?

» |Nuclide Fu-241 Am-241 U-237 Np-2i = Select Units Clear Gind
" |Hal e 144y 432.2y |6.75d 214E
fl 5.00E-04 5.00E 04 2.00E-02 5.00E
Adienals | 3.00E-10 |1.50€.08 [1.00E-11 [7-206
| |Wrinary Bladder 3.00E-10 1.50e-08 | B.50E-11 710E Digplay
Eane Suiface 1.B0E-07 3.00€ 06 1.00E-10 5.40E
Bran 3.00E-10 [150e08 [9.40E-13 7208 Help
| [Breast 3.00E-10 1.50€-08 [1.70E-12 [710€
Esophagus 300E-10 1.50€-08 [1.50E-12 7.10E Eefs
Stomach 3.00E-10 1.706-08 |2.70E-10 5.30E
Small Intestine 310E-10 [1.90e08 |6.80E-10 |1.00€
| JUpper Lage Intectine |} 3.30E-1D 13506409 {3.40E.09 12906
Lawer Large Intesting 5.70E-10 7. 40e-08 |8.70E-09 E.O0E
Calon 4.70E-10 G.20E408 |5.70E-09 400
| Kidneys 5.00E-10 4.60E-08 1.40E-10 |1.90E
Liver 3.40E-08 5.50E-07 [1.BOE-11 B.7IE
Muscle J00E-10 1.50€ 08 1.B0E-11 7.10E
| Dvaries 220603 1.60€-07 [1.B0E-10 7.20E eificients [FGR 12] LJ

Coefficients Puiblic Inhalation Coefficients

Pancreas 3.00E-10 150€08 |2.00E-11 |710€ icients (ICRP 30]
Red Manow B.40E.09 310E07 3.70E1 210E
| Extiatrachial Alrvays 3.00E-1D 150608 [9.80E-13 [710E
Lurgs 3.00E-10 150408 |2.80E-12 T10E
SKin 3.00E-10 150608 |5.60E-12 710E
Spleen 3.00E-1D 1506 08 1.60E-11 70|
Testes 220609 170E07 1.30E-11 740E
| Thymus 3.00E-10 150608 [1.50E-12 [710E
Thyroid 3.00E-10 150E08 9.90E-13 710E
L

‘wiarker Coefficients [ICRP 58]

I Ao an AT nn 1= anr 14 = Anr

A |

5-9 Octobsd 20
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Clipboard = | Bluetooth Fant Pl Alignment Mumber
Al s § 2 | Ingestion Adult dose coefficients | Sv I Bq) from ICRP 72
L B c D E F G H I i K L

1 |Ingestionidult dose coefficients ( Sv / Bg) from ICRP 72

2 MNuclide Pu-241 Am-241  U-237 Np-237 Pa-233 U-233 Th-229 Ra-225 AC-225 Bi-2132 Pb-209

3 Half Life 14.4y A432.2y 6.75d 2.14E6y  27.0d 1.585E5y 7340y 14.8d 10.0d 45.65m  3.253h

4 f1 0.0005 0.0005 0.02 0.0005 0.0005 0.02 0.0005 0.2 0.0005 0.05 0.2
| 5 Adrenals 3E-10 1.5E-08 1E-11 7.2E-09 1.2E-11 2.8e-08 7.6E-08 1.1E-08 3.2E-11 5.1E-12 5.5E-13
| 6 Urinary Bl 3E-10 1.5E-08 6.5E-11 71E-09 7.5E-11 2.BE-08 7.6E-08 1.1E-08 9.3E-11 8.2E-12 2.5E-12

7 Bone Surf 1.6E-07 0.000009 1E-10 5.4E-06 6.6E-11 8.4-07 0.000023 3.6E-06 4.9E-08 4.6E-12 1.4E-11

8 Brain 3E-10 1.5E-08 9.4E-13 7.2E-09 1.5E-13 2.8E-08  7.6E-08 1.1E-08 2E-11 4.3E-12 5.5E-13
| 9 Breast 3E-10 1.5E-08 1.7E-12 7.1E-09 2E-12  2.8E-08 7.6E-08 1.1E-08 2.2E-11 4.5E-12 5.5E-13
| 10 Esophagu: 3E-10 1.5E-08 1.5E-12 7.1E-09 1.5E-12 2.BE-08 7.6E-08 1.1E-08 2.1E-11 4.4E-12 5.5E-13
| 11 Stomach 3E-10 1.7E-08 2.7E-10 8.3E-09 29E-10 2908 J.BE-08 1.1E-08 5.3E-09 1.3E-09 1.9E-10
| 12 Small Inte  3.1E-10 1.9E-08 6.9E-10 1E-08 7.7E-10 3.1E-08 8E-08 1.2E-08 1.7E-08 7.4E-10 2.2E-10
| 13 Upper Lar) 3.9E-10 3.5E-D08 3.4E-09 2.5E-08 3.7E-09 4.5E-08 9.7E-08 1.8E-08 1E-07F 4.4E-10 3.5E-10
| 14 Lowerlar, 5.7E-10 7.4E-08 B.7E-09 GE-08 1E-08 7.7E-08 1.4E-07 A.7E-08  2.BE-O7 1E-10 1.7E-10
| 15 Colon 4.7E-10 5.2E-08  5.7E-09 4E-08 6.5E-09 5.9E-08 1.2E-07 3E-08 1.BE-07 2.9E-10 2.7E-10
| 16 Kidneys 5E-10 4.6E-08 1.4E-10 1.9e-08 3.3E-11 2.9E-07 3E-OF 3.7E-08 SE-11 6.1E-10 T.AE-12
| 17 | Liver 3.4e-08 5.5E-07 1.6E-11 B8.7E-08 2.1E-11 1.1E-07 1.1E-06 1.9E-07 1.3E-08 4.9E-12 2.7E-12
| 18 Muscle 3E-10 1.5E-08 1.8E-11 7A1E-09 2.6E-11 2.8E-08 7.6E-08 1.1E-08 4.66-11 4.8E-12 5.5E-13
| 19 Owaries 2.2E-09 1.8E-07 1.6E-10 7.2E-08 2.3E-10 2.8E-08 1.7E-07 1.3E-08 7.9E-10 6.6E-12 5.5E-13
| 20 Pancreas 3E-10 1.5E-08 2E-11 7.1E-09 2.7E-11 2.BE-08  7J.6E-08 1.1E-08 4.4E-11 7.3E-12 5.5E-13
| 21 Red Marrc  6.4E-09  3.1E-07 3.7E-11 2.1E-07 4.6E-11 8.4E-08 1.1E-06  3.5E-07 4E-09 A4.9E-12 1.8E-12
| 23 Extratrach 3E-10 1.5E-08 9.9E-13 J.1E-09 3.4E-13 2.BE-08 7.6E-08 1.1E-08 2E-11 4.3E-12 2.5E-13
| 23 Lungs 3E-10 1.5E-08 2.8BE-12 J.1E-09 3.4E-12 2.BE-08  J.6E-08 1.1E-08  2.3E-11 4.6E-12 5.5E-13
| 24 SKin 3E-10 1.5E-08 5.6E-12 7A1E-09 8.3E-12 2.BE-08 7.6E-08 1.1E-08 2.8E-11 4.5E-12 5.5E-13
| 25 Spleen 3E-10 1.5E-08 1.6E-11 F.1E-09 21E-11 2.8E-08 7.3E-08 1.1E-08 3.9E-11 6.2E-12 5.5E-13
| 26 Testes 2.2E-09 1.7E-07 1.3E-11 F.4E-08 2.1E-11 2.9e-08 1.8E-07 1.3E-08 5.8E-10 4.4E-12 5.5E-13
| 27 Thymus 3E-10 1.5E-08 1.5E-12 7.1E-09 1.5E-12 2.8E-08 7.6E-08 1.1E-08 2.1E-11 4.4E-12 5.5E-13
| 28 Thyroid 3E-10 1.5E-08 9.9E-13 J.1E-09 3.4E-13 2.BE-08 7.6E-08 1.1E-08 2E-11 4.3E-12 2.5E-13
l 29 Uterus 3E-10 1.5E-08 7.3E-11 7.2E-09 1.1E-10 2.BE-08 7.6E-08 1.1E-08 1.2E-10 6.1E-12 5.5E-13
| 30 Remainde 3E-10 1.6E-08 3.3E-11 73E09 4.1E-11 3.1E-08 7908 1.2E-08 3.9E-10 2.6E-11 5.3E-12
| 31 Effective | 4. 8E-09 2E-07F 7.6E-10 1.1E-07 8.7E-10 5.1E-08 4.9E-07 9.9E-08 2.4E-08 2E-10 5. FE-11
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Clipboard Bluetooth Font

Humber

(4) Dose Calculations

Alignment Cells Editing
Al - f« | Ingestion Adult dose coefficients  Sv / Bg) from ICRP 72 EJ Ingestion dose coefficients ( Sv / Bq) from FGRL2 ~=1a| x|
£ B B E : i = Lo : - L ) [Nucide Fu-2a3 Pu239 Fuza3 S
1 |Ingestion Adult dose coefficients ( Sv / Bq) from ICRP 72 Inge fl 1.00E-05 1.00E-04 1.00E-03 1200603
2 \Nuclide Pu-239 U-235 Th-231 Pa-231 Ac-227 Th-227 Fr-223 Ra-223  Pb-211 Nucl| | [ |dienals BZE-14 79513 7.92E-12 1.0%€10
] SEp— g PRSI PSR PP = Bladder Wl 125613 79813 7EE12 16510
3 [HalfLife 24085y 703.8E6y 25.52h  3.276 —— [Bone Sutace 1.76E07 176606 1.76E-05 120608
41 0.0005 0.02 0.0005 0. @ Radiological Toolbox "~ |Brain TEGE-14 [7ERE-13 7B6E-12 |000E -0t
5 |Adrenals 14E-08 2.6E-08 4.8E-13 Bt 121E13 (80913 769E-12 1.21E40
3 7 : - Esophagus THET4 751E13 7HIE12 e
RlUrinary Bl 14E03 26E08| 259612 AS Biological Data o e = | CE Stomach Wall 119609 (RELE 1.20E-09 12309
7 |BoneSurf B.2E-06 7.4E-07 5.8E-12 0.00 bt © Ingestion| | | —|omal Intestine Wal 29903 [29%09 29909 [3.0309
2 Brain 1.4E-08 2.6E-08 18E-14 54 U238 T O0E+00 F I: o " |Usper Lasge Intestine wiall | 1.73E-08 7EDs 1.73E-08 16208
Decay Data = - or Lower Large Intestine il | 5.31E 08 5 31E-08 5.30E-08 53308
B Breast LAE O3) 2GR0 SE) 24 — Kidneys B7EE-14 776613 7ERE-12 17308
10 Esophagu: 1.4£-08 2.6-08 4.3E-14 3£ e | —T - Pasts Decay| | | —]er 314E-08 [314E-07 314E-06 114610
11 |Stomach  1.6E-08 2.7E-08 1.9E-10 1.3 _— Lungs _|7ase1d |7.75E13 774E12 _1.01E-10
12 Small Inte 17608 28608 4410 32 = Select Units ool 12 iel ey 1
ose i ons — = . g —— | o o
13 Upperlarn 3.3E-08 4.3E-08 1.9E-09 1.5 —I - |__|Pancreas 395614 7A%E13 7.68E-12 1.23€-10
14 Lowerlar; 6.7E-08 7.8E-08 3.4E-09 54 SR |CI Fied Mamoys 1.41E-08 1.41E-07 1.41E-06 27BE09
b - i " 2 o -
5 coon | atcon ssem aseos a4 Swvem | | S = 3L ST L —0
16 Kidneys  3.46-08 2.7E-07 14E-12 34 e D \ﬂ [ Testes 2E4E9 26408 2 B4E07 115610
17 |Liver 1.76-06  1E-07 9.98-13 2.3 bt Help Thymus 754E14 751E13 7EIE12 991E11
e Los aeos ien as || [ —= || P
; atesial Data - ] -38E- |8.11E- B4E- B5E-
19 Ovaries  11E-07 2.6E-08 19E-11 13 A R H LT, | Effective (ICRP 26] 1.40E 08 1996208 SE8E-07 7203
20 Pancreas 1.4E-08 2.6E-08 1.5E-12 5.8 Effective [ICRP 6] 1.21E-08 6. 20E-08 5.62E-07 4D
Fubic E Dat
21 RedMarrc  3.96-07 7.66-08 18612 2.5 i vt < il
22 |Extratrach 14E-08 2.6E-08  2E-14 4 S ok,
23 Lungs L4E-08 2.6E-08 12E-13 4.7 bl
24 |5Kin 14E-08 2.6E-08 29E13 1 ———
25 Spleen  14E-08 2.6E-08 9.6E-13 4.1 w Pu-239 |
26 |Testes 11E-07 2.6E-08 5.6E-13 2.5 . — Worker Coafci cape) |  ————
27 Thymus 14608 2.6E-08 4.36-14 3. e I ) |'“| '""""&[af_ ! ] °P' :l' r; = :mg e - H
28 |Thyroid ~ 14E-08 2.66-08  2E-14 4 | er_m; tngeﬁhgn = mr:;H 2] bl Iohaighon Losfieents
29 Uterus 14E-08 2.6E-08 4.9E-12 6. e e S0 e
30 Remainde 1.5E-08 28508  1E11 15
31 Effective| 2.56-07 4.7E-08 34610 7607 11606 8.8E-09 24£-09  1E-07 1.8E-10
32
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diNA

Biclogical Data

e Radiolegical Toolbox

Decay Data

Dose Coefficients

Dose Calculations

Early Inhalation

(5) Early Inhalation

o]

Muschde || 125 ﬂ
Abzorphion Type: [F -

Irtegr sticn
Peatiods % Days
10 " Years

OO~ O kS

Organs displayed:
1. Small mtestine [S1)
2. Red Mamow

3 Lung [Mass Average]
4, Alvaclar Interstital Begion (&)

Select Units
Gy /Bq

Miee mdzis |

5-9 October 2015

Acute Absorbed Dose Coefficients (Gy/Bg- inhaled)

typically achievable by internal emitters.

For a selected set of radionuclides the toolbox contains information on the low and high LET absorbed dose
rate as a function of time post an acute inhalation intake for fissues of the body subject to acute radiation
syndrome (ARS). ARS is classically divided into three main presentations: hematopoietic, gastrointestinal and
neurologicalivascular. The neurovascular syndrome occurs at very high absorbed dose (above 10 Gy) and not

The toolbox addresses 4 tissues. 1) Red marrow (hematopoietic syndrome), 2) Small intestine

The absorbed dose rate data file was assembled during the preparation of Federal Guidance Report 13. The
toolbox only addresses inhalation intakes. An acute dose calculator which considers intakes by ingestion and
inhalation (referred to as a Acute Dose Calculator) is available from EPA.

(gastrointestinal syndrome), 3) Lung (mass average) and 4) Alveolar Interstitial Region. The later two are of
interest with regard to damage to the respiratory tract. The user can define the time period over which the
absorbed dose rate is to be integrated. In results of the integration are given for both the low and high LET
components to which the user can then apply as suitable RBE if desired.

Note: The tabulated dosimetric quantity is absorbed dose and thus no modifying factor

(RBE or w_R) has been applied to the numerical values of the low and high LET

components. The user may apply a
’ RAMP Fall 2315PF\X/asﬁ

uitable RBE and sum the resultant values.
ington, DC
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(5) 1-125

@ Radiological Toolbex -10] x|
Biological Data ‘ Nucide: 1725 j Organs displayed:
1. Small inkesting [51]
n] D ata Ak ion Twpe: T2 =1 2 Bed Marrow
w o P -TJ 3 Lung (Mass Average)
] Integration 4. Alveolas Interstial Regon [4l)
Dose Cosfiicients | |Pernods (¢ Days
10 " Years
: mE Select Units |
Dose Calculations WG
o
Eaily Inhalation |7 Gy /Bq
| b0
=
Element D ata ‘ | |0 =
m— g Help
Matenial Data ‘ ——
Fefs
Public Exposure Data EL
Fadiation Field Data File  View
= " s |Page 1of 1 =
& aaQ 0% |

Risk Coefficients ‘

Supplemental D ata

|2 '00E=00 [5.00E+00 |7.00E+00
Low LET |Low LET [Low LET

|1.43E-12 [1.53E-12 [161E-12
1.18E-12 |1.53E-12 |1.76E-12
|2.24E-12 |2 58E-12 |2.82E-12
2 1BE-12 |2 52F-12 |2 TEE-12

Absorbed Dose Coefficient [ Gy /Bq)
Nuchde 125
Type F
Time (d}) |1.00E+01
Tissus Low LET
Sl |1.T8E-12
Marrow 212612
Lung 13 21E-12
A 3.14E-12
3

-10| x|

=En

P Fall 2015 | Washington, DC
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Export
Print |
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(6) Element Data (Al)

United States Nuclear Regulatory Commission
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. Photon absorber data for Al = (=] i[

Double-chck any

0 Total Ateniiation column to plot
Photon Eresgy erent willout Coherent those data.

[Mev] Scatterng
! [em™2/g)
1.18E+03

b [1.00E-03

Photon data for Al
& Radiclegical Toolbox &

— 4.0E+03—
Bickagical D ata
4
Decay Data | Select
[~ Scatteing - Coherent =
€
Dosa Coefficients | [~ Scatteing - Incoherent o 3.0E+03+
s
™ Phato-Electic Absorphion 8 2
Doze Calculations | — Pait Production in 3 £%
Muclear Field G
. Pait Production in an E o
i I " Electron Field 8E 208403
i Total dttenuation with Z g
Element Data | Coherent S cattering g 8
P T otal Attensation without < w
Mol Dot | Coherent Scattering %
[~ Mass Energu-dbsarption - 1.0E+034
Public Exposure Data I
Radistion Field Data |
0.0E+00
Risk Coefficients | 1.0E-02 1.0E-01 1.0E+00 1.0E+01 1.0E+02 1.0E+D3 1.0E+D4 1.0E+0E
Photon Energy (MeV)
Supplemental Data Ferma
|_ Electron Data J Alpha Data J

Phaton Buildup l Meutron Crozs Section

5-9 25
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(6) Element Data (Pb)

@ Radiological Toolbox

Biological Data
Decay Data
Dose Cosfhicients

Dozs Calculations |

Element Data: Prope

_lo| x|

Select:
W Stopping Power - Calision

W Stopping Power - Radiative
[v Stopping Power - Total
v C5Da& Ranae

3. Electron abserber data for Pb

Select Units
Cosfhicients: Mev cm”2 , g

- = =

S [=1E

5-9 Oct

Frint
RAMP Fall 2015 | Washington, DT

ouble-click any
Stopping Power - Stopping Power - = olumn to plot
) ] ) Radistive od F?,E;f;la"ge hose data.
This section of the toolbox contain: MeV cm™2/a] [Me cm™2/g] d nandn
radiations 3] ZOBE-02 B.45E+00 B.25E 04
Atomic mass: Information on 1 =) Electron data for Pb i [=] 3
properties and elemental comp ]
Interaction Coefficients: Coe e
available for display, export, amm
(=]
= ol
Kerma coefficients for photon a
p E 80800+
Neutron Activation Cross Se P
Mughabghab =
§  6.0E<00
Photon Buildup: The Geomet =
not address its values can be ¢ 3
procedures implemented are th :
g 4.0E+00
o
(=]
£
(=8
o
2 20E+00-
w
0.0E+00 - INEESE
1.0E-02 10E-01 1.0E+00 1.0E+01 1.0E+02 1.0E+03
Kinetic Energy (MeV)
Set to Log/Log 0K
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Photon Mass Attenuation Coefficiants for fron
kb i .

———Coharent Scattering
Incoharont Scattering
——— Photoalectric Absorpticn
Pair Production in Nuclear Fieid
— Pair Production n Electron Fisld
| =Total Attenuation With Coherent Scattering

Atomic number
of absorber

120

100+

- Photoelectric effect
80} dominant

Pair produc
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60..

a0}
Compton effed

dominant

Photon

20

energy
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13 Electron absorber data for SKIN (ICRP) _|a| x|
Double-click any
T column to plot
Kinetic Energy Radsion'ied  |DensiyEffectC | [those data.
[Mev)
ToED e 10204 29E04
& Radiological Toolbox 1.226-04 £33 04
R ROC.NA 1 A2C.N4 To1EnA
;;gggg . I:” B Electron data for SKIN (ICRP) N [=]
. +LU
Biological Data BRELE 1
g [SKIN 1cAPI A2 SE 12 L]

300E-02

Decay Data Select: | 3 ggégg . 30E+01T--
[~ Stopping Power - Calision 15E02 e
[iosa Coefficients [~ Stopping Power - Radiative 5.00E-02
; 5.50E-02
[v Stopping Power - Total EO0EO2
Dosa Cakculations % CSDA Fange 7 00E-02
i B00E-02

Ervif nhyatesen | Radiation Yield

25E+01---+-

9.00E-02

o
&
®
=
: 1.00E-01 =3
[v Density Effect Delta 125601 g
Element Dsta 1.50E-01 = :
175601 ARl
- |200ED 2
Material D ata ] 280E-m Dc_>
3.00E-01
2 10E+D1+
Public Exposure Data L] E
|400ED a
|450ED 2
jation Field D il :
Radiation Field Data E 5 0E+001—---3-

Risk Coeflicients ;
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Supplemental ata Phiotan Cross Section | Electron Data 1.0E-02 1.0E-01 1,0E+00 1.0E+01

| Alpha Data ] Photon Buidup
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Radiation
weighting
factors
5

0 .

15F

10 ¢

5 L

] 1 1 1 1

(7) Neutron “w.”

L
> |ncident
neutron
energy

1wt ot w0t 10 0? !

100 100 (MeV)

2.5 4 182 M EF/6 E <] MeV
Wi =< 5.0+ 17.0e " CEI/6 | MeV < E, < 50 MeV
2.5+ 3.25¢ I OMEN/6 B~ 50 MeV
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ICRP 60 Radiation Weighting Factors

Radiation type and energy Weighting Factor wy
Photons, all energies 1
Electrons, all energies 1
Neutrons, energy < 10 keV 5
10 - 100 keV 10
100 - 2000 keV 20
2-20 MeV 10
=20 MeV 5
Protons, energy >2 MeV 5
Alpha, fission fragments 20

Radiation Weighting Factors for Neutrons

25
20 =|CRP 60 table et
5 --ICRP 60 equation
C 15 ~|CRP 103
o -=-US NRC
§ 10
=
ARARSRT I AT RV
0 _
.000001 0001 .0 1

Neutron Kinetic Energy (MeV)
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2 US.NRC (8) Public Exposure Data

Protecting People and the Environment

@ Radiological Toolbox B3 Matural Background Radiation
Natural Background Radiation
Biological Data
Matural Background R adistion | i
Decay Data T emal "™ All Categories
Background Radiation in the Body | iz el Sand Eus
, oo,
DEISE EDE”EIEH"I':S Haﬁomc“d&s in Mﬂteﬂd'g | (3 %)
Radon & thoron

({background) (37 %)

Daose Caleulations Radionuclides in Devices |
E il Irhalation Primordial Radionuclides | Campues tamography
(medical) (24 %)
Element Data Typical Exposures dunng Medical Procedures |
Mateﬂd Dar,a r . . . - Industrial (<0.1 %)
Typical Exposues duning CT Examinations Occupational (<0.1 %)
- Consumer (2 %)
Public Exposure Data : ;
*p DOE lonizng Radiaton Dose Graphic | Nctear modiins S Commifbect Kok oy | issegy
(medical) (12 %) Interventional fluoroscopy
E : (medical) (7 %)
R adiation Field D ata o

Fig. 1.1. Percent contribution of various sources of exposure to the
Risk Coefficients total collective effective dose (1,870,000 person-Sv) and the total effective
dose per individual in the U.S. population (6.2 mSv) for 2006. Percent val-
ues have been rounded to the nearest 1%, except for those <1 % [see
Supplemental Data Table 1.1 for the values of S (person-sievert) and Eyg (millisievert)].

Public Exposure Data J_
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Matural Occurring Radionuchdes in Body
Muchde Mass Activity
Uranmum 90 ug 1.1 Bg
Thomem 30 pg 0.11 Bq
Potassmm 40 17 mg 44kBq
Radaum 3l pg 1.1 Bq
Carbon 14 21 ng 3.7TkBq
Trithum 0.06 pg 23 Bq
Polonium 0.2pe 3iTBq

Radionuclides in Oceans

Nuclide Concentration

Urannmm 33 mBqgl

Potassom 40 11 Bq'L

Tritmam 0.6 mBqL

Carbon 14 SmBqL

Rubsdnm 87 1.1 mBqL

5-9 October 2015

dreamsbime.com

(8) Basic NORM

Badiemuclides in Focod

Fool K-40 (pCikg) | Ra-226 (pCikg) _
Bamaz 34520 1

Brauil muts 5600 100~ 700
Canots 3400 06- 2

Pottoes 3400 1-2.5

Bes 390 -

Redmeat 3000 05

Limu beans 1640 2.5

Drirscnz water D-0.17
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Dose from Medical Diagnostic Procedures
E.Ei'; (1 film) 33‘}" (rem) ETE . Computed tomography examinations
Dental x-rav 0.16 1.6 s s ses ¥ seos
SO, 043 £ Examination Dose (mSv)
Lumbosacral spme 0.32 3.2 Head 2
Bone scan (Tc-99m) 0.44 4.4 Chest 7
Cardiac (Ic-99m) 0.75 1.5 Abdomen pehis 10
Cranial CT 3 20 ?“‘f i E 01
GI fluoro (barum 85 85 AngHOF APy 2
Spiral CTSWPY } 3-10 30 - 100 CT mgography bead S
Spme 10
Interventional 01
Whole-body screening 10
Cakcium scormg 2
Carchac 20
Virtual colonography 10
Miscellaneous 5
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| ey =@ h

General Help  Glossary View Manual Help Index About

Biclogical Data Select:

% Operational quantities
Decay Data " AP - Antero-posterier geometry
" PA - Postero-anterier geometry

Bioce Cosffciect " LLAT - Left lateral geometry
o5& LOellicients " RLAT - Right lateral geometry
" ROT - Rotational geometry
Dose Calculations € IS0 - |sctropic geometry
Early Inhalation ol Lres |
Element Data IPSV cm”2
Sy 1 G
Material Data I / Y
Displa Hel
Public Exposure Data i | i
— i Refs
Radiation Field Data

Mote: For gamma constants, go the
Decay Data / Summary display.

Risk Coefficients

Supplemental Data

Photon Radiation Field (ICRP 74) l MNeutron Radiation Field (ICRP 74)

33




(9) Operational (y)

United States Nuclear Regulatory Commission
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[ PhotonField data for Operational quantities

Direction Dase 2 B
@ Radiological Teolbox Phioton Energy Equivalent Corn :F?Eifem'“ Hp(10lper &2k |those data,
Mev) Ty [pGy cm"2) (Sv /Gy)
b |7.00E-02 9,80E- ¥.E0E +00 |9.00E-03
Biological D ata Seleck 1 RNE.T7 q ank.m TME LN 17 RAF.M
{* Dperational quantiies 5 PhotonField data for Operational quantities
Decay Data AF - Antero-postenien geametny

-
(" PA - Postero-arfensr geomety

(" LLAT - Left lateral geomely 2 0E+00—
~

'

~

s istas J RLAT - Right lateral geometry i
ROT - Aotational georetry = :
Diase Caculations ‘ 150 - Izotropic geometry E .
= !
Early Inhalatan J Select Units S 1.5E+00——------1----+

g |
Element Data ‘ pSy cm™2 o |
o :
Sy | Gy o '
Material Dsta ] TO !

5~ 10E+00—------1---
Dot Hel 3
Public Expozure Data ] PRy : | l'; :
o ;
z % Refs [a) H
Radiation Field Data \ = ]

Mote: For gamma constanits, go the — 5.0E-01—=----- J:"' g bty
Risk Cosfhicients ‘ Decay Data £ Summary display E :
Supplemental D ata \ i
0.0E+00 .
Photon Radiation Field (ICRP 74) | 1.0E-02

Photon Energy (MeV)

Pirk Setto Log/log |
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[ NeutronField data for Operational quantities

@ Radiological Toolbox

Meutron Energy
(Mev)

Ambeert Doge
Equivalent per
Neutron Fluence
(pSy cm™2)

5.00E-01

1228 +02

Biological Data

7.00E-01

A.75E +02

Decay Data

S00E-01

[ |1.00€+00

1.20E+00

4.00E+02
4.16E+02
. 26E 402

Dose Coefficients

2.00E+00

| .00E+00

4 00E+00
B.00E +00

L L1k
412402
4.08E+02
4.05E+02

Early Inhalation

E.00E+00
F00E+00
200E+00
I

4.00E+02
4056402
4/05E+02
4206402

Element Data

1.00E+01

| [1.206+0
[1.40€ 401

4. 40E +02
4.80E+02
5.20E+02

1.50E +01

540E+02

Paterial Drata

1.60E+01

1800

200E-=01

5.55E +02
5.70E+02
6.00E+02

Daose Caleulations ‘
Public Exposure Data ‘

J00E+01

51BE+02

Radiation Field Data ‘

5.00E<01
TA0E-=01

" |100E.02

4.00E+02
3.30E+02
2.85E402

1.30E 02

2B0E+02

Rizk Coefficients ‘

1.50E+02

| |1.80E 402

200E+02

2458 +02
2A0E+02
260402

Supplemental Data ‘

J.BEE+02
414402
4 22E+02
4 33E+02
4.42E+02

Phatan Radaban Field ICAF 74) l Meutron Radiation Field (ICRP 74) J

(9) Operational (n)

3 MeutronField data for Operational quantities

Personal Dose Equivalent per Neutron

Fluence (pSv cmt*2)

pranm
i
e
i
Praim
i
Prainm
i
Pram
[T
Prainm
TR
o
i

Neutron Energy (MeV)
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(10) Risk Coefficients

Protecting People and the Environment

@ Radiolegical Toolbex

HeT il Nuclide - Select intake mode:

C-14
X = ™ Ingestion
Decay Data i 3 __l  Inhalation
B * Ay Submersion
Dose Coefficients " Ground Plane
" Soil Layer

Dose Caloulations [T Include daughtars?

E aily Inhalation llll_toﬂﬂ! : il

Elemnant Data

i i . I-131 is not a valid nuchde name. Please use the choice list to enter
names.

tatenal Data

Public Exposure D ata

Radigtion Field D ata

Rizk Coefficients

Supplementsl Dala

Risk Coefficients [FGR 13)
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. Waorkbook Views Zoom Window
@ Radiclogical Toolbox - :
eneral Help  Glossary  View Manual j Aot Al % JFx | Ingestion risk coefficients (/ Bq) from FGR 13
: A | 8 | ¢ [ o] e[ F [ & | n | 1 [ 1
Biological Data Mucide [+  coectitskemede — || 1 [Ingestionkisk coefficients (/ Bq) from FGR 13
= & Ingesiion 2 Nuclide C-14 c-14 131 I-131
Decay Data n = " Inhalation 3 F1 1.00E400 1.00E+00 1.00E+00 1.00E400
] " AirSubmession | | | 4 Intake D Water Diet D Water Diet
Dise Coafficients " Ground Plare 5
" So Layer
6 Cancer mortality morbidity mortality morbidity mortality morbidity mortality morbidity
Dose Caeulations | '3 Ingestion risk cosfficients (/ Ba) from| | 7 esophagu 6.236-13 6.926-13  7E-13 7.78E-13 222613 247E-13 2.756-13 3.06E-13
- 8 stomach  2.2E-12 245612 2.936-12 3.256-12 1.28F-12 142612 1756-12 1.95-12
Early Inhalabon — [ »[Nucide C14 9 colon 4.88E-12 B.B7E-12 6.85E-12 1.25-11 1.83E-12 3.32E-12 2.76E-12 5.01E-12
B A L 10 liver 886613 932613 9.89E-13 1.04E-12 8.67E-14 9.12E-14 102613 1.07E-13
Element Data — ™ 11 lung 494E-12 52612 6.086-12 6.4E-12 113E-12 118E-12 147612 154E-12
B Cancer mortality 12 bone S.41E-14 7.73E-14  6E-14 B.56E-14 13E-14 1B6E-14 146E-14 2.09E-14
Materal Data B el 13 skin 513614 513614 643614 64314 7.08615 7.08£15 9.18E-15 9.18E-15
B cobon 18512 14 breast  213F-12 427612 2.866-12 5.71F-12 3.24F-13 6.486-13 4.58E-13 9.16E-13
Public Expasure Data liver BEEE13 15 ovary 7.046-13 1.01E-12 7.976-13 1.14E-12 7.46E-14 1.076-13 8.91E-14 1.27E-13
e S 16 bladder 147612 294E-12 15812 3.7E-12 201E-12 401612 218612 435612
Fladiation Field Data e 51E4 17 kidney  3.036-13 4.676-13 3.41E-13 5.256-13 2.76E-14 4.256-14 3.256-14 5.01E-14
breast 2132 18 thyroid  1.52E-13 1.52E-12 1.99E-13 1.99E-12 1.22E-10 1.22E-09 1.73E-10 1.73E-09
Risk Coefficients e (YLt 19 leukemia 333612 3.36E-12 3.626-12 3.66E-12 6.17E-13 6.23E-13 683613 6.9E13
- 30513 20 residual  7.21E-12 1.02E-11 9.74E-12 137611 127612 L786-12 1.77E-12 2.49E-12
Supplemental Dat thyroid 15213 21 Total 2.896-11 4.2E-11 3.686-11 5.46-11 131E-10 1.23E-09 1.856-10 1.75E-09
| flukema f3 3312 27
| |residual T2E12
— Tota 28%11 a3
24

5-9 October 2015 RAMP Fall 2015 | Washington, DC 37



United States Nuclear Regulatory Commission

Protecting People and the Environment

& Radiological Toolbox

(11) Supplemental Data

Biological Data Units, Comstants, Conwersion Factors

SI Urits
Decay Data

Physical Constants

Conwersion Factors |

Doze Coefficients

Dioge Caculations Display J

Early [nhalabon Fomulas

Converzion factors aie fiom the TTth edition of the CRC Handbook of Chermistry
and Physics, 1396, Chemical Rubbes Publishing Co.

International Nuclear and Fadiological Event Scale [[NES)

Element D sta

weh Pages

Display J ICRF

tatenial 0 ata

DOE Dose Ranges

Diizplay

Transpoet Packaga Regulations - 10 CFR 71

41742 Table

Fadiation Field D ata

Risk Coefficients

Public Exposure Data J

Supplemental Data

Supplemental Data
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Dizplay | |Baleman Equation for Decay Chans

=]

) Bateran Equation for Decay Chains

Bateman Equation
The activity of member i of a linear decay chain at time 1, A;(t) is given by

i i
, oAt
Ai(t) = A | | fijr1di Zm
j=2 j=1 1 =LAk A
k=j
where AY is the activity of the parent nuclide, i =1, at time zero, f; ,, the fraction of
the nuclear transformation of member j forming member j+1, and }; 1s the decay
constant of member i. [t is assumed that at ¢ = 0 the activity of all members beyond

the first 1s zero. that 15 .fl? 0fori=1.
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G20 Fenn IO expos s 0 10 A 20 0 40 50 60%_ 70 80 90 100rem | . (P—i";‘ a:_—:'t';m o | {
T.‘I?ic“! mission doses on Ramsar, Iran DHS emergency g_um Interplanetary Space _B — Dental P;lnuramit 0‘70-.; ?: E
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DOE Low Dose Program ————e D - Mammogram 02-04)82
EF M IN J KG H L o Radiotracer Imaging E E
E — Heart Stress (Tc-99m) 0.6-1.2 E 'g
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high natural bkg/yr DHS emergency SM Guarapari, Brazil DOE, NRC dose limit for G — Dual Isotope Stress Test 4.0 - 4.5 §
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B Carimondc s it SAphY coavrs Medical Diagnostics (A-O) CT Scans OC_ray) § =
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( Limit = 25 mrem/yr . e includ d . b . Fluoroscopy_/Procedures =
= 4000 scans/yx) Eearanes Schalcs Fasnts Regulations & Guidelines M — Barium Contrast G.L 1-22)8
1 'l [l [ B A » 1 (TIPS: Trmsjugalar | N — Cardiac Catheterization 1.2-4JS
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public drinking water  from release in air: use: 25 mrem/yr public: 100 mrem/yr (1 mSv/yr) 50% of exposed individuals in 30-60 days) | 8
systems: 4 mrem/sr 10 mrem/sT (ICRP, NCRP) : = L
NOTE: This chart was constructed with the intention of providing a simple, uses-fiiendly, “crdes-of dan ! of Dose Equivalent: 100 rem = 1 Sievert
inferest to selentists, managers and the general pubhe hﬂut;;um mmms@dm dnuemnvalam ml‘lﬂmﬂ!ﬂﬂmﬂﬂﬂvlﬂd — tabsorbed dose X radiation qualit J
radishon protechon wats the rem and Swevert. Medicald 2 3s they mre not in © “effective dose’ q y
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1. Use Of The Nuclide Input Grid In Requesting Dose Coefficients

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

3. How to Export Data

4. Use The Activity Feature In Dose Calculations For A Decay
Chain

5. How to Define a Material and Calculate its Interaction
Coefficients

6. How to Generate Histogram Representation of Beta Spectra
7. How to Check the Integrity of the Rad Toolbox Data Files
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tronal LU Downloads

Free Educational CD Downloads

In footnote of Page 9:
The fallowing files are downloadable installation files for CDs of dose coeflicients
available here at no cost They can be used by teachers, students, and those interested ”Th e n u m be rs Of n u CI id es

radiological protection together with their parent ICRP Publications. Please note that
while we encourage you to download and use these CDs, ICRP retains copynght and

you must not edit or attempt to repackage these materials for sale. d iffe r betwe e n FG R 1 2 a n d
These downloads replace ICRP CD1, CD2 and CC3 which are now out of print. These ° °
::iﬁ;u;goads are for Windows operating systems, including Win 7, on 32 and 64 bit ICR P P u bl Icat I o n S 30’ 68’ a n d
ICRP Database of Dose Cosfficlents: Workers and Members of the Publlc; Ver. 72 as the latter set of
Availlable as a Windows setup file named ICRPDOSE setup.exe. H H H

» publications do not consider
ICRP Database of Dose Coefficients: Embryo and Fetus; Ver. 2.0 . . .
Available either as a Windows setup file named & ICRPCDZ2 setup exe or as a th e | nta ke Of r‘a d | O n u CI |d es Of
selfestracting file named ]EJ ICRPCD2 SelfExiract exe
ICRP Database of Dose Coefficients: Radionuclides in Mother's Milk; Ver. 2.0 h a If-l Ife Iess th a n 10 m I n Utes .
Available either as a Windows setup file named ﬁ‘ ICRPCD3 selupexe or as a
seffextracting file named Bl ICRPCD3_SefExiract exe The ICR P Data base Of Dose
If the Help utility is not available for CD2 and CD3 it maybe necessary to download from HPS .
a program from Microsoft. See the ReadMe. i file in the installation folder after installing COEffI C | e ntS . WO rke rS a n d
these databases
Please note that the dose coefficients in the first of the downloadable CDs listed above M e m be rs Of th e P u b I IC; Ve r-
are the same as those in [ICRP Publication 119 "Compendium of Dose Coefficients . .
baszed on ICRF Fublication §0°. Although the downloadable CDs will be of practical use,
the above-noted ICRP Publication will be the definitive and reference able compendium 3 'O IS n OW ava I I a b I e as a free
of these coefficients. .
S e educational download;

& Intemet | Protect
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Figure 8. Nuclear Share of Electricity Generated by Country

France Slovakia Hungary 65:\]% &;mm Sweden  Switzerland Slovenia
78% 57% 54% 49% 48% 1% 38% T
Czech Rep Finland Bulgaria Armenia  Rep. Korea Spain US.A Russia
Oihe@®e  Ey
36% 35% 32% 31% 30% 20% 19% 19%
Romania United Kingdom Canada Germany 8, ﬁlnca Mimm Pak-n;tan Arqe-nmm
4 age, 7 - S 4
o ok 4 > (=)
<> -
18% 17% 16% 16% 8% 6% 1% 1%
Netherlands India Brazil China Iran Japan
- = . 1 i
- al)
-wr - -
4% 4% 3% 2% 2% 0%

Note: The country's short-form name is used.
Source: IAEA, Power Reactor Information System database, as of May 2015

Figure 29. The Nuclear Fuel Cycle
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* Reprocessing of spent nuclear fuel, including mixed-oxide (MOX) fuel is not practiced in the United States.
Note: The NRC has no regulatory role in mining uranium.
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(C) Biosphere

(D) Remains of living matter
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