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What’s in The Latest

e Rad-Toolbox V3.0 (April 2013)
®USNRC ez — Windows 7 and OS 64-bit

s et o compatible
— Codeis 27 MB in size and one click
to install.

— TRM certified for NRC
I\Dﬂ;nu ript Completed: April 2013 WO rkstations

sCl
e Published: May 2013

—_— , — Forum: Look for your feedback

Radiological Toolbox
User’s Guide

K. F. Eckerman and A. L. Sjoreen

Oak Ridge National Laboratory
Managed by UT-Battelle, LLC

e User’s Manual (May 2013)

— In color and PDF searchable

— ‘References are up to date

— Built-in under “View-Manual” tab

NRC Job V6088



ABSTRACT: NUREG/CR-7166

“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.



Something You Should Know

e Abstract and acknowledgement

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

e 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 of the original data are used.

e Runtime Error ‘3051’ has been received. Your input
and feedback are welcome.

* A note of caution in Page 9.



Must Know the Basic!

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

Useful Constants and Conversions

Avogadro’s number ._..................... 6.023 x 10*° mol™
Planck soonstant .........coon v 6.625x 107" J s
volume ol ideal pas(STP) ..o 22.4 L mol™
charge (€)oo 1.602 x 10 C
roentgen (STP)..........coveoiemiree 2.58x 10 C kg
IMEV i 1.602x 107 7J
-5 ST TR PR 760 mm Hg
T e 33.7 eV ion pair”
TA oo 6242 x 10" MeV g
L0 1000 L
O 28371
universal gas constant (R)8.32 x 10" erg °C™ g mol™
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HOMEWORK 1

The following 7 questions and solutions were designed and
provided by Dr. Sami Sherbini, SL at RES/DSA.

Calculate committed effective does from repair work in areas where the
airborne concentration of 5°Co (Type W) is 4x10° Bqm3. The work will be
remaining in this for 2.5 hours. What are the results from using ICRP-26 and
ICRP-60 dose coefficients (Sv/Bq)?

Click Dose Coefficients tab. Click OK to close the Dose Coefficient window.
Click Worker Coefficients (ICRP 30) tab. Click the Biological Data tab.

Click Select Units and choose Sv/Bq (this is the default). Under the ICRP-89 Reference Values tab, select
Enter Co and select Co60 from the Nuclide drop down Respiratory Functions from the drop-down menu.
menu. Click ICRP89 Data tab.

Select the Inhalation button for intake mode. Select Ventilation (L Exercise) from the drop-
Click the Display tab. down menu.

Read off the dose coefficients for Type W: Read the rate of 1.3 m3/hr for a female worker.
8.94E-9 Sv/Bq for ICRP 26

8.92E-9 Sv/Bq for ICRP 60 Commiitted effective dose = 8.92E-9 (Sv/Bq) x 1.3
The coefficients show that for °Co, there is little (m3/hr) x 2.5 (hr) x 4x10° (Bq/m?3) = 11.6 mSv
difference between ICRP26 and ICRP 60. =1.16 rem




HOMEWORK 2

The concentration of 3] in air (Type F ) in an unrestricted area is 3E2 Bqm3.
Assuming this concentration to remain constant over a period of one year, and
using ICRP-60 data, what is the dose coefficients ratio in this case for a 1 year-
old and an adult? What would be the effective dose to the child and to the
adult as a result of the 1 year exposure? What is the ratio??

Click Dose Coefficients tab, the Public Inhalation
Coefficients, he select 13!| from the drop-down nuclide
menu, the 1 year old button from the age menu, then
Display.

Read the dose coefficients:

Child (1-y) = 7.2E-8 Sv/Bq

Adult (>17) = 7.4E-9 Sv/Bq

Raito of dose coefficients (child/Adult) = 7.2E-8/7.4E-9
=9.7

Click Biological Data, ICRP-89 Reference Values,
Respiratory Function, Ventilation, Light Exercise:
Child =0.35 m3/hr

Adult =1.5 m3/hr

The annual doses are:

Child: D = 7.2E-8 (Sv/Bq) x 300 (Bq/m?3) x 0.35
(m3/hr) x 8760 hr/yr) = 0.066 Sv/yr

Adult: D = 7.4E-9 (Sv/Bq) x 300 (Bq/m?) x 1.50
(m3/hr) x 8760 (hr/yr) = 0.029 Sv/yr

Ratio of annual dose rates (Child/Adult) =
0.066/0.029 = 2.3

Although the ratio of dose coefficients is 9.7, the
ratio of annual doses is 2.3. The reason for this
difference in ratios is the difference in breathing
rates.




HOMEWORK 3

A worker is suspected of having inhaled airborne 13*Cs (Type F) and was asked
to collect a 24-h urine sample. The sample was collected 950 mL, 5 days
following the suspected intake incident, and showed an activity of 50 Bq mL™.
What is the estimated intake, and the effective dose? Which is the critical
organ from the intake and does it overexpose by US regulations?

Click the Biological data tab.

In the Bioassay Data tab, select 13*Cs and select Type F and click Display.

In the E_Urine(t) column select the row corresponding to 5 days and read the value 5.43E-3.
This is the urine excretion fraction for that time post-intake.

Intake = (50 (Bq/ml) x 900 (ml))/5.43E-3 = 8.29E6 Bq

From the Dose Coefficient tab, inhalation of Type F 13*Cs, ICRP-68 worker data, the effective
dose coefficient is 9.6E-9 Sv/Bq. Hence, Committed effective dose = 9.6E-9 (Sv/Bq) x 8.29E6
(Bq) = 0.08 Sv.

Using the limit of 0.5 Sv for any organ, and an intake of 8.29E6 Bq, any organ with a dose
coefficient greater than 0.5/8.29E6 = 6.0E-8 Sv/Bq will exceed the limit. A review of the dose
coefficient table shows that none of the organs exceeds that dose.



HOMEWORK 4

What is the mean energy and the end-point enerqy of the spectrum emitted by
32p? What is the CSDA range, gm cm2 of electrons with this end-point energy
in leaded glass? What fraction of the beta energy is going to be converted to

bremsstrahlung radiation?

Click the Decay Data tab.

Select the ICRP-107 Data tab.

Select 32P from the Nuclide drop-down
menu.

Select the Beat Spectrum button.

Click Display. The average and end-point
energies are shown at the top of the
beta spectrum.

End-point = 1.7106 MeV
Average = 0.695 MeV

Close the Decay Data tab and Click the
Material Data tab.

Select the Electron Data tab.

Select Glass, Lead from the material drop-down
menu.

Check the CSDA Range and the Yield buttons.
Click Display. Read the CSDA and Yield:

Yield
.J8E-2

CSDA
for1.75 MeV  1.32
The values at 1.75 MeV may be considered close
enough, or interpolation may be used between
values at 1.50 and 1.75 MeV. Ans: CSDA = 1.32
gm/cm? and Yield = 7.8%




HOMEWORK 5

What fraction of a 1E3 Bq of *2Co aerosol (Type S, 5 um AMAD) is exhaled
immediately after the inhalation intake? What fraction of the intake will
deposit in the thoracic and extra-thoracic regions? What will be the 24-h urine
content would be expected when the sample is collected 10 days post-intake?

Click the Biological Data tab.

In Biokinetic Models, select Lung Model and click
Display.

Click the Default Regional Deposition highlighted text.
In the table under AMAD = 5 microns, add the
fractions deposited in the ET, BB, and BB and Al
regions. The results are:

Deposition in ET = 73.76%; in BB = 1.78%; in bb =

1.09%; in Al = 5.32%; and Total Deposition = 81.93%.

Amount exhaled = 18.1%

Note: ET1 corresponds to the nasal lings in a nose
breather. According to the table, about 34% of the 5
micron aerosol is deposited there. Therefore, if a nose
swab is taken, a qualitative idea of the possible intake
is probably more than about three times the activity
on the swab, depending on how much of the nasal
deposit is collected on the swab.

Next, click Biological Data, select >Co, Type S in
Bioassay Data, and click display. Under E_Urine, in the
row corresponding to 10 days, read 2.53E-4.

Activity expected in the 24-hour urine sample is:

Urine activity = 1,000 x 2.53E-4 = 0.253 Bq.

This type of calculation is helpful to determine
whether the available urine counting protocol and
equipment are capable of measuring this level of
activity in the sample, given the methods used on site
for routine bioassay intervals amounts of urine
collected per sample, for example, a 24-hour sample or
a “grab” sample. The grab sample is taken from one
voiding and therefore usually contains much less
activity than a 24-hour sample, and so required
greater measurement capabilities to detect a given
minimum intake level.




HOMEWORK 6

What is the air kerma rate free-in-air at a location where the 8E-2 MeV
photon fluence is 2.24E8 cm™?? What are the effective dose rates
resulting from exposure to this beam when incident on the body in the
AP and PA directions at that location? What is the rate if the radiation
is isotropic?

Click the Radiation Field Data tab. Click on the AP button on the same tab and read

Select the Operational quantities button. the effective dose coefficient (Sv/Gy) for AP, PA, and
Click Display. ISO incidence at 0.08 MeV are : AP =1.433; PA = '”'
1.019, and ISO = 0.749

The air kerma column at 0.08 MeV shows a
kerma rate of 3.69 pGy-cm?.This unit may The dose rates are:
be interpreted as pGy per photon/cm? or @ E(AP) =0.827 (mGy/s) x 1.433 (Sv/Gy) * 0.001
the kerma per unit fluence. (Gy/mGy) = 0.0012 mSv/s = =4.27 Sv/hr

@ E(PA) = 0.827 (mGy/s) x 1.019 (Sv/Gy) x 0.001
The kerma rate corresponding to the 2.24E8 | (Gy/mGy) = 0.00084 mSv/s = 3.03 Sv/hr
fluence is: @ E(ISO) = 0.827(mGy/s) x 0.749 (Sv/Gy) x 0.001
K = 2.24E8 x 3.69 = 8.27E8 pGy = 0.827 mGy | (Gy/mGy) = 0.00062 mSv/s = 2.23 Sv/hr




HOMEWORK 7

What is the annual risk resulting from continuous
submersion in 8°Kr cloud environment at a constant
concentration of 1E3 Bq m3?

Click the Risk Coefficients button.
Select Xe-133 from the Nuclides list.
Click display. The risk coefficients are:
Mortality = 6.59E-17 m?3/Bg-s
Morbidity = 9.86E-17 m?3/Bq-s

The integrated duration of exposure is:

X = 1E3 (Bq/m3) x 8760 (h/y) x 3600 (s/h) = 3.154E10 (Bg-s/m?>)
Mortality risk = 6.59E-17 (m3/Bq-s) x 3.154E10 (Bq-s/m?3) = 2E-6
Morbidity risk = 9.86E-17 (m3/Bq-s) x 3.154E10 (Bq-s/m?3) = 3E-6




Toolbox’s Data Collections

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 radionuchides 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 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
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(1) 1-131

[ Bioassay data of occupational inhalation intakes of I-131 ICRP 68, Absorption Type F
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(1) 1-129

I Bioassay data of occupational inhalation intakes of 1-129 ICRP 68, Absorption Type F
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(2) Decay Data
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(2) Sr-90 Beta Spec.
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(3) Dose Coefficients
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Dose Calculations
'Sy /Bq
Early Inhalation
(= Display I
Element Data -
| Help
Material Data Refs |
Public Exposure Data
Radiation Field Data
Risk Coefficients
Supplemental Data Worker Coefficients (ICRP 30) J ‘Worker Coefficients [ICRP 68)
| Public Ingestion Coefficients ] Public Inhalation Coefficients
| Public Extemal Coefficients (FGR 12) |
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(3) Pu-241; Adult

AL
Q

&
&
A S
4,
40 ety

t Radiological Toolbox

Binogical Data " [Hushide - | Selact age
Ag110m  Newboir |
" | |Am241 1 prold
DecayData J - Mo ol
_L,m_ " 10 yrold
Dose Coefficients Ra226 15 pr-oid
. —  Adult
&3 Ingestion Adult dose coefficients ( Sv / Bq) from ICRP 72 o =1 £ ¥ Include daughters with T1/25 10 m2
" p |Nuclid= Pu-241 Ame241 [0-237 [Np-2i=| Select Units | Clear Gnd
|_|Half Life 14.4y 14322y |6.75d | 214E ;
il 5 00E-0d F O0E 04 |2, 00F 02 5.00E | Sy /Bqg
| |Adienals 3.00E-10 |1.50€-08 |1.00E-11 | 7.20E
[ Urinary Bladder 300E-10 150608 [6.50E11 710E
| Bone Sutace 1 EOE-O7 S00E06 |1.00E-10 |5.40E
| |Bran 3.00E-10 |S.40E-13 7.20E Help
___|Breast |3.00E-10 |1.70E-12 710E
_|Esophagus 3.00E-10 [1.50E-12 [710E Refs
| |Stomach 3.00E-10 |270E-10 |8 30E
Small Intestine 310E-10 |6,30E-10 1.0DE
| Upper Large Intestne [3.90E-10 [3.40E-09 |250E
| |Lower Large Intestine 5.70E-10 |B.70E-09 | B.00E
| Colon 4. 70E-10 |5.70E-09 4.00E
__|Kidneys 5,00E-10 |1.40E-10 |1.90€
pe e i}:%g;” S Coefficients | Public nhalation Coetficients !
| Dvaries 2 HE-03 [1.60E-10 | 7.20E efficients FGR 12)
__|Pancreas |3.00E-10 |2.00E-11 [ TA0E icienks [ICRP 30] ‘Warker Caefficients (ICRP 58]
Red Marow B.ADE-03 [3.70E-11 Z10E
| |Extrabrachial Airways 3.00E-10 |9.90E-13 | F10E
| Lurgs 3.00E-10 |280E-12 |710E
mES 300E-10 |5.60E-12 [710E T
Spleen 3.00E-10 [1,B0E-11 70E__|
|| Testes J20E-03 |1.30E-11 | T-40E
| Thymus J.00E-10 [T.50E-12 70E
Thyoid 300E-10 |5.50E-13 EATS e
e
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Clipboard = | Blustooth Famnt = Mumber

Al - £ | Ingestion Adult dose coefficients ( Sv / Bq) from ICRP 72

A B C D E F G H I J K L M
1 [Ingestionkdult dose coefficients | Sv / Bg) from ICRP 72

| 2 Nuclide Pu-241 Am-241 U-237 Np-227 Pa-223 u-233 Th-229 Ra-225 Ac-225 Bi-213 Pb-209

| 3 Half Life 14.4y A432.2y 6.75d 2.14F6y 27.0d 1.585E5y 7340y 14.8d 10.0d 45.65m  3.253h

| & 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/ 7J.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-03 7.6E-08. 1.1E-08 95.3E-11 8.2E-12 2.5E-12
| 7 BoneSurf 1.6E-07 0.000009 1E-10 5.4E-06 6.6E-11 B.4E-O07 0.000023 3.6E-06 4.9E-0B 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  J.6E-08 1.1E-0E8 2E-11 4.3E-12 5.5E-13
[ 9 Breast 3E-10 1.5E-08 1.7E-12 T.1E-09 2E-12  2.8E-038 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% 1.5F-12 2.BE-08) 7.6E-08 1.1F-08 2.1F-11 4.4F-12 5.5E-13
| 11 Stomach 3E-10 1.7E-08 2.7E-10 83E-09 2.9E-10 29608 7.BE-08 1.1E-08 5.3E-09 1.3E-09 1.9E-10
| 12 Small Inte  3.1FE-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 Larj 3.9E-10 3.5E-08 3.4E-09 2.5E-08 3.7E-09 4.5E-08 9.7E-08 1.8E-08 1E-O07 4.4E-10 A.5E-10
14 Lowerlarn 5.7E-10 7.4E-08 B.7E-09 BE-08 1E-08 7.7E-08 1.4E-07 A4.7E-08 2.8E-07 1E-10 1.7E-10
| 15 Colon 4.7E-10 5.2E-08 5.7E-09 4E-08 6.5E-09 5.9E-03 1.2E-07 3E-08 1.2E07 2.9E-10 2.T7E-10
| 16 Kidneys 5E-10 4.6E-08 1.4E-10 1.9E-08 3.3F-11 2.9E-07 3E-07 3.7E-08 5E-11 6.1F-10 7.1E-12
17 Liver 3.4E-08 5.5E-07 1.6E-11 B.7VE-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 71E-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 2.8BE-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.BE-12
| 22 Extratrach 3E-10 1.5E-08 9.9E-13 7.1E-09 3.4F-13 2.8E-08 7.6E-08 1.1F-08 2F-11, 4.3E-12 5.5E-13
| 23 Lungs 3E-10 1.5E-08 2.BE-12 7.1E-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 T.1E09 8.3E-12 2.8E-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-02 21E-11 2.BE-08 7.3E-08 1.1E-08 3.9E-11 6.2E-12 5.5E-132
| 26 Testes 2.2E-09 1.7E-07 1.3E-11 J.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-0% 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 7.1E-0% 3.4E-13 2.BE-08  7.6E-08 1.1E-08 2E-11 4.3E-12 5.5E-13
| 29 Uterus 3E-10 1.5E-08 7.3E-11 7.2E-0% 1.1E-10 2.BE-08 J.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 3.1E08 7.9E-08 1.2E-08 3.96-10 2.6E-11 5.3E-12
31 Effective| 4.8E-09 2E-07F F.6E-10 1.1E-07 8.7E-10 5.1E-08 4.9g-07 S5.9E-08 2.4E-08 2E-10 5.7E-11
32
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Alignment Humber

Cells Editing

k& Ingestion Adult dose coefficients ( Sv / Bg) from ICRP 72

&5 Tngestion dose coefficients { Sv / Bq) from FGRI2

Al .
B L : 2 & 3 = i . 2 X ) [Nucide Pu23 Pw233 025
1 |Ingestion Adult dose coefficients { Sv / Bg) from ICRP 72 Inge n 1.00E-05 1 00 04 B OED3
2 |Nucide Pu-239 U-235  Th-231 Pa231 Ac227 Th-227 Fr223  Ra-223  Pb21l Nucl | | |Adenals B28E14 79513 105410
S " e T e = Blackder Wl 12513 73613 18510
3 HalfLife 24065y 703.8E6y 25.52h  3.276 i — ~{Bon Suce TR TR T
4R 0.0005 002 00005 O RN OR | 766614 7EE13 01.00E <0
5 Adrenals 14603 2.6E-08 4.8E-13 € |_|Breast | 1.21E13 8013 1.21E-10
' ; : i > Esophagus 7EIET4 751E13 BEA]
il Ao A A 4 BidgicalDats o Thie 5] (Sekectivaken] | [_Stomachwal (RERT] TIE8 12%09
7 [Bonesurf 82606 74E07 S5.8E12 0.00 At & Ireesion] | | onl ntestne Wl 29509 29509 30%09
8 Brain 14E-08 2.6E-08 18E-14 54 U3 100600 - |”g 17308 16%03
3 Breast  14£08 26608 GEM4 2 Decsy Dute = ' L : EEL L
' . : — | Fidneys R 7614 [7.76613 7EEE-12 17308
10 Esophagu: 14E-08 26608 4.3E14 3. = = —f - e Liver 314608 IED7 314E6 114410
Dass Coefficients 4 = aste Decay — ' 1
11 |Stomach ~ 1.6E-08 2.7E-08 19610 1.2 — Lungs 7.8%14 77513 74E2 1.01E-10
; — : Muscle 121613 BO%13 7E3E2 121E10
12 Smallinte 17608 28£08 44E10 31 L = SskatUnis | | 1500 e 260 s T
13 |Upperlar 3.3E-08 43608 19609 1S Q . [ |Pancreas 4S5E-14 78513 THEE2 [T2%40
14 [lowerlar| 67608 7.E-08 34E09 5.4 |C‘ Fied Maraw 1HEDE THED? 141E08 27803
Eal Inhalation = _ Skin RI7E14 75%E13 7ETE2 10810
Racaon. | LIECH afth 0 o — Disiay [Splen RATE 14 76413 TEEE-10 1510
16 |Kidneys 34608 2.7E-07 14E12 34 Elerssit Dot _Tesfes 2E4E-09 i2.$4£-08 2R4ED7 :1 15E-10
17 Liver 17606 1607 99E13 22 i Hep Thymus 754614 75113 751612 391E1
: : 2 ; — | [Thweid 750E-14 74513 74612 8T
Qiece | L 2EE L&D o Voo D — = = [Utews 133 CEZE] TRIETD [18%10
15 Qvaries 11607 2.6E-08 19611 1.1 7 : H bl | |Etfective (ICRP 26) 140€.08 99E-08 QESE7 17209
20 Pancreas  14E-08 2.6E-08 15612 5.8 [Effective (ICAF £0) 121608 B20E-08 5 E2E-07 742409
Public Exposure Dat
21 RedMarrc  39E-07 T6E-08 18E-12 28 it ’ I
22 |Extratrach 14E-08  2.6E-08 2E-14 e 0K
23 Lungs 14508 26E08 12613 45 _ oonPedDefa
24 |SKin 14508 26608 29613 2 T
25|Spleen  14F-08 2.6E-08 9.6E-13 4. dlioated Pu-239 |
2 Testes  L1E07 26508 S6E13 2 = . e
27 Thymus 14608 26608 43E1a 3¢ o eremenalDa | S = '“""l'&[ . ! ] DP'; lc; : '!.mg o | H
2 Thyroid 14608 26608 2614 4 | Pwlﬁ"';t”gesltz" . mr::.m —_ = coelloeris
29 Uterus  14E08 26E08 49E12 6 £ Dinwn Copvemn (oR 10 )
30 Remainde 15E-08 28608  1E11 1S
31 |Effective | 25607 47E-08 3410 7.E-07 11F-06 8809 24F09  1F07 18F10
32




' Radiological Toolbox

(5) Early Inhalation

=10 x|

Biclogical D ata ‘ Nuclde l—__l o _[ Organes displayed:
1. Small mtestine [S1)
Decay Data ‘ Absorption Type: [F = i g E‘Jerfuhl'h?g?ﬁveragel
Irdegration 4. Alveolar Irterstifal Begion [&l)
Diose Coefficients ‘ Perinds  Days
10 " ears
1z Select Units
Doze Calculations ‘ 15
0 [—
I — Gy /B
Early Inhalation ‘ 5 ! y £Bq
i D Mieerdain |

5-9 October 2015

Acute Absorbed Dose Coefficients (Gy/Bqg- inhaled)

typically achievable by internal emitters.

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

The absorbed dose rate data file was assembled during the preparation of Eederal 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.

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 tissues 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

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. Tifsiasf T1Y:2PRl 3 uteble

SEE and sum the resultant values.

3
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@ Radiclogical Toolbox

Biological Data ‘

Decay Data
Dose Coefficients
Diose Caculstions ‘
Early Inhalation
Element Data
Matenial Data ‘
Pubilic Exposure Data
Radiation Field Data

Rick Cosfficients J

Supplemental D ata

(5) 1-125

MNuchide

Abzorpl

MITTTT

4 [EF

ion Type: g

10

ra

B

File

Q&R EBAM |«

LT

o oo oo~ al;

View

..... —
' k2

[] Integration o
Penads * Days

™ Years

Gy /Bq

!

Organs displayed

1. Small intestine [S1)

2, Red Marrow

3, Lung [Mass Average)

4, Alveolas Intesstiial Reagon [Al]

Select Units

Display

Help

Refs

I [Page 101 » B

=10 x|

Absorbed Dose Coefficient { Gy / Bg)

Nuclde 125 |

Type F |

Time (d} _'1 DOE+D1 [2.00E+00 "\ OOE+D0 |7.00E+00 |
Tissue Low LET [Low LET |Low LET |Low LET
£l [1.788-12 [1.43E-12 |1.83E-12 [1.61E-12
Marrow 2.12E-12 |1.18E-12 iI.E-SE-12 1.76E-12
Lung |3.21E-12 [224E.12 |2.58E-12 |2.82E.12
Al 3.14E-12 [218BE-12 i2.52E—IZ 2.TBE-12

B
0

Export
Print

K

Wil



(6) Element Data (Al

[ Photon absarber data for Al -0 __:5_[

Double-click any

Total Mtenuation *|  |column to plot
Photon Energy without Cohetent i {those data.
(MeV) '
b |7.00E-02

Photon data for Al
& Radiclogical Toclbox &

e 4.0E+03~
Biclogical D sta

o

Decay Data Select:

[T Scatterng - Coherant t
18]
Dose Cosfficients [~ Scattenng - Incoherent & 3.0E+03—
L -
™ Photo-Electic Absoipion S 2
Doze Caleulations - Pair Produchon in a 5 CE
Muclear Freld £05
: Pair Productian in an =
Early Inhalation r Elactinn Fiedd %E 2.0E+03~
5 Total Attenuation with E =
L]
@ Totd Attenuation without < ™
Watmial Dala = Coherent Scattenng %
[~ Mass Enesgy-tbzomption = 1.0E+03+
Pubfic Exposse Data

R adistion Field Data

- 0.0E+DD

Risk Coefficients 1.0E-02 1.0E-01% 1.0E+00 10E+01 10E+02 1.0E+03 1.0E+04 1.0E+DE

Photon Energy (MeV)

| Kema
|_ Electron Data ] Alpha Data |
Phaton Buildup l Meution Cross Section

Supplemental Data

Element Data | Coherent Scattering




Element Data
(Credit from ORNL)

Interaction coefficients for alpha, electron, photon, and
neutron radiations in elemental absorbers.

— Not available for every element or for each radiation type
— Can be plotted

Geometric progression form of the photon buildup factors
from ANSI Standard 6.4

— 0.015 and 15 MeV at distances ranging from 0.5 to 60 MFP

— The photon and neutron kerma coefficients were taken from
KERMAL, RSICC package DLC-143

Atomic mass and isotopic abundance data
— 16th edition of the Chart of the Nuclides

Can be exported to EXCEL




(6) Element Data (Pb)

[=-] Radiological Toolbox ﬂ il

Biological Data

Decay Data I Select: Select Units
v Stoppng Povesr - Collsion

Doze Cosfhcients v Stoppng Poweer - Radistrve

-
Cosficierts: |(ME% ™2 | g
v Skopping Poweer - Total Sl |
Doze Calculations

W CSD& Ranae = e
3. Electron absorber data for Pb -___J_“I;I_J _g(J
Element Data: Prope e — s || e
Ko Energy AT o g Fovios: = nge those data.
This section of the toolbox contain: e [Med cm™2/g] [MeN cm™2/g] lgem™2) nandn
radiations » [1.00E-02 2 O5E-02 5. 45 +00 B.26E-04
Atomic mass: Information on 1 [ Electron data for Pb o ] |
properties and elemental comp ]
1.0E+01—

Interaction Coefficients: Coe
available for display, export, an

Kerma coefficients for photon a

8.0E-D0—
Neutron Activation Cross Se
Mughabghab

5.0E+00—
Photon Buildup: The Geomet
not address its values can be ¢
procedures implemented are th

4.0E+00-

Stopping Powver - Collision (MeV et 2/g)

2.0E=00— i ded L B bk i Aot :
0.0E=D0 - - -
1.0E-02 1. 0E+01
Kinetic Energy (MeV)
Print Set to Log/Log oK |




10°

Aftenuaton in cm*2/g
o =3

o

(6) Element Data (Fe)

011 Iz I01 XD

Photon Mass Alttenuation Coefficiants for Iron
R ——Coherent Scattering
‘ Incoherent Scattering
‘ — Photoelectric Absorption
|

|

\

— Pair Production In Nuclear Field
— Pair Production In Electron Field

th‘a_l‘Allenl_.uaﬁpn_V\filh therenj Sc_al!_er.ir]g_ ) :

Energy in MeV




8 Radiclogical Toolbox

Biological Data

[SKIN (CRP)

Decay Data Select
[~ Stoppng Power - Colision
Dose Costhoients [~ Stopping Powes - Radiative
v Stopping Powes - Tolal
Dose Calculations ¥ CSDA Range
Eay| ¥ Radiaton Yield
W Deraity Effect Delta
Element Data
Matetial Data
Public Expasure Data

Radsstion Field Data

03 Electron absorber data for SKIN (ICRP)

(7) Material Data (Skin)

R 21 column to plot
CSDARagE  |poguionYield  [DensiyEiectC | those dala

22TE-01 2T4E-4 |1.02E-04 [491E04
131E+01 4 (5E-04 |1.22604 6304
1.GEE +01 5§ R M 1 AKX TEIENA
LS 13 lectron data for SKIN (ICRP)

13601

11E+0

370 +00

BRI+ 3.0E+01
TBIE«00
716E+00
EE3E-00
B 1900
5.62E+00
5226400
ATTE+00
4 HIE-00
L1ZE+00
360E+00
3 24400
29% .00
2B0E+00
253E+00
236E+00
22300
215E+00
208E+00

25601+t
2064014}
156+014---\i

106401 -1 X

Stopping Power - Total (MeV cm 2/g)

5.0E+00-

Risk. Coslficaents

Supplemental Data Photon Crozs Sechon

'
o
R
t +

R A W R T T A R I AR IT1T]
0.06+00 e H |
Electron Data 1.0E-02 1.0E-01 1.0E+00 10E+01 10E+02 1.0E+03

Alpha Dats

Photon Buldup

I Compotion

=— I

5-9 October 2015

RAMP Fall 2015 | Washington, DC 3




(7) Neutron “w.”

Rudiation
weighﬁng ICRP 60 Radiation Weighting Factors
factors Radiation type and energy Weighting Factor wy
25r Photons, all energies 1
R Electrons, all energies 1
‘f *\ Neutrons, energy < 10 keV 5
0 7 10 - 100 keV 10
- 4 K 100 - 2000 keV 20
15k ] \ 2-20 MeV 10
! \ >20 MeV 5
/ Y Protons, energy >2 MeV 5
10 re KN Alpha, fission fragments 20
i ,’f \‘\
5 - —>—— [ncident
neutron
] . . . . . . . L energy Radiation Weighting Factors for Neutrons
100 10 0t 10 0t et 10 0t 10 (mey) 25
20 =|CRP 60 table . ™
X g ==|CRP 60 equation
2.5+ 18.2¢ [ (Ea)'/6, E, <1 MeV @ 15 ~~ICRP103
: b ==US NRC
wr = ¢ 5.0+ 17.0e "0 EJI/6 I MeV < E, < 50 MeV £ 10
2.5+ 3.25¢7In OMEI/ E > 50 MeV g 5
0 IHHHIHHWW“" rarasannu,
.000001  .0001 .01 1 100 10,000

Neutron Kinetic Energy (MeV})

38



@ Radiologieal Toslbox

o
=

DacayData

Diose Coelficients

Dose Calculations

Eaty Inhalation

Element Data

Materis Data

Public Exposure Data

Rdiation Field 04

Risk Coelfiients

Supplemental Data

el

Natul Background Radistion I
Backgiound Radialon in he Body

Radonucldss in Haterids
Padcnuclides in Devices
Frmoucial Radonucldes
Typical Expasures duing Hedical Procedues
Typical Exposures duing CT Examinations
D0E lonizing Radabon Doss Graghic

Public Exposure Data !

(8) Public Exposure Data

Space

Int i (background)

(bagk;::ndj 6% All Categories
6% _a Sand Eys

Temrestrial o
(background) "
(3 %)
Radon & thoron

(background) (37 %)

Computed tomography
(medical) (24 %)

_—Industral (<0.1 %)
Occupational (<0.1 %)
T~ Consumer (2 %)

Conventional radiography / fluoroscopy

Nuclear medicine (medical) (5 %)

(medical) (12 %) Interventional flucroscopy

(medical) (7 %)

Fig. 1.1. Percent contribution of various sources of exposure to the
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
Table 1.1 for the values of S (person-sievert) and Eyg (millisievert)].




Natural Occurring Radionuchdes in Body

Nuchde Mass Activity
Urannmm 90 ug 1.1 Bq
Thormm 30 pg 0.11 Bg
Potassmm 40 17 mg 4.4 kBq
Radaum 3l pg 1.1 Bq
Carbon 14 2l ng 3.7 kBq
Trithum 0.06 pg 23 Bg
Polonmm 02ps 37 Bq

Radionuclides in Oceans

Nuclide Concentration

Uranmum 33 mBql

Potassmm 40 11 BqL

Trntmm 0.6 mBql

Carbon 14 SmBqL

Rubidimm 87 1.1 mBqL

dreamsbimecom

Radsopucides is Food

Fool K-40 (pCikg) | Ra 226 (pCikg)
Bamz 3420 1

Brauil muts 5600 1900700
Canots 3400 06- 2

Potatocs 3200 1-23

Bes 350 -

Redmeat 3000 DS

Limu beans 1640 2.5

Drirscez water D-0.17

40



(8) Medical Exposures

Dose from Medical Diagnostic Procedures Computed tomography examinations
Procedure Dose (rem) | Dose (mSv)
Chest x-ray (1 film) 0.01 0.1 Effective dose per CT scans
Dental x-ray 0.16 1.6 Examination Dose (mSv)
Mammogram 025 25 Head 2
Lumbosacral spine 032 32 Chest 7
Bone scan (Tc-9%9m) 0.44 4.4 Abdomen pehs 10
Cardiac (Tc-99m) 0.75 75 Exvemty 01
Cranial CT 5 50 : >
GI finoroscopy (barium) g5 g5 g e =
. anpogaphy bead S
Spiral CT 3-10 30 - 100 Spie m
Interventonal 01
Whote -body screenng 10
Cakoram scoring 2
Cardiac 20
Vatual colonography 10
Miscellaneous §
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(9) Radiation Field Data

- B
@ Radiological Toolbox =3 = |
General Help  Glossary View Manual HelpIndex About

Biological Data Select:

¥ Operational quantities

Decay Data " AP - Antero-posterier geometry
" PA - Postero-anterier geometry
(" LLAT - Left lateral geometry

{" BLAT - Right lateral geometry
{" ROT - Rotational geometry
Dose Calculations " 150 - Isatropic geometry

Dose Coefficients

Early Inhalation

Select Units
Element Data IpSv cm”™2
Material Data ISV ! GY
Display Help

Public: Exposure Data

Refs
Radiation Field Data

MNote: For gamma constants, go the
Hisk Corthesanis Decay Data / Summary display.

Supplemental D ata

Photon Radiation Field [ICRP 74) 1 Neutron R adiation Field [ICRP 74)




=10l x]

Double-click any
column to plot

thoze data.

Hpi{10] per &a F
[5v /Gy
|9.00E-03

[ EAF.m

Aukerma Frae-inin
par Flesnce

[pGy em”2)

7 E0E <00

T 7AE &l

Direction Daose
Equivalent Corw

B et

2OEH00——- === -g=r==pm=mr gy

(9) Operational (y)

Phioton Erergy

Mev)
1 BNE.O7

9 PhotonField data for Operational quantities

p |1.00E 02

4. PhotonField data for Cperational quantities

* Dperational quantities

(" AP - Ankero-postesien geometny
(" P4 - Postero-antener geamety
(™ LLAT - Lt |ateral geomsty

" RLAT - Right lateral geometry

ological Toolbox

Biological Data
Doze Cosfficients

& Radi

1 SE+00—------
1.0E+00—=---==~1-
£, 2 ST

5.0E

(Ao
AS ] JeoD auo) Wejeanb3 eso) Js|guy

i

z
2
a
]
:
3
&
"
oL
i
]
"
b
o

ote; For gamma constarits, go the

" ROT - Aotational geomety
™ 150 - Isotropic geometry

Salect Units

=

pSy cm
'Sy /| Gy

Dioge Calculstons
Early Inihalation
Element Data
Material D sta
Risk Cosfficients

Public Exposure Data
Radiation Field Data

Set to Log/Log ]

Frink

Phaton Energy (MeV)

1.0E-01

-
'
'
'
'
'
'
|
4
i
'
'
P
'
'
'
'
'
I
'
'
'

1.0E-02

0.0E+00

Photon Radiation Field (ICRP 74)

.

|

Supplemental D sta




(9) Operational (n)

[ NeutronField data for Operational quantities

| |1.00€+0 J440E-02 4.B0E+02
Elaert Dela 120600 4 80 +02 5 17E+02
1 40€ 5017 5 20E02 5 SO+

1.50E+01 5. 40E+02 5 E4E 02

Material Dala | |1.B0E+O 5.55E+02 B 7BE+02
1.80E+01 5 70E +02 | 555402 1

200E+01 |5 00e 02 £00E+02
Public £ posiee Data | 3006401 E1BE+02

| |5.00E-01 4100E+02
Radiation Field Data | 17.50E+0 3.30E+02
100E-02 295402

1.30E+02 2B0E+02

Risk Coefficients | |1.50e+02 2456402
|80+ 250E 402

Supplonentd Data 200E+02 260E 402

Fhcton Fradiation Field (ICRP 74] |

e ey

P

- y = :En.ml:_uerl Dag=
l eutron Erer e aend per
Radiclegical Toolbox M) ) Ngjuhnn Fh:l:;ce g
e HE ; v om' 2
- B O0E 1 33EZ 3FEI2
Bickagical D ata 700E-01 375E 02 e
[ 900E01 4.00E+02 V4B +02 = i
1.00€+00 416E+02 F
Decay Data I 120600 425402 £ TE42 z
|| 200€-00 4.205402 A.42E+(L B &
Doie Costhaiante || =00E+00 41202 4.3‘[E+OE T = L
| [4.00E+00 402€+02 | 4.22E+00 50
5 00E +00 4056 402 4 206402 R
Do bk lehore | {B.00E-00 JA00E+D2 j 4.23E +02 3o
|| 70000 4.05E+02 4326402 LIE.,I— E‘ A
: | |6.00E+00 4032 | 4 45E 402 =
AT Ihdetion I 4 D0E 00 420402 £ E1E+02 2a
SiT
™
c
2
o
o

Q0E+0

0E-0E 1R 10606 (L - o R o 10612 1060 1T0E+00 10EHN 1OEHE LOEs

Neutron Energy (MeV)

Setto Log/Log

Neutron Radiation Field (ICRP 74) J




(10) Risk Coefficients

@ Radiological

Heln

Toolbox

Biclogical Data Huclide j Select intake mode:

b " Ingestion
Decap Data ..i 131 ;I e |:$ﬂtﬂﬁ
EiB = i* hy Submersion
Doze Coefficients " Ground Plane

I Sail Layes

Doze Calculations [T Include daughters?

E aily Inhalation

Elernert Data

i @8 1-131 is not a valid nuclide name. Please use the choice list to enter
names.

Risk Coefficients [FGR 13)




@ Radiological Toolbox
Bialogizal Data El-:lfdﬂ i Ealacl ViR itk
131 (€ Ingestion
Decay Data 7] 5 " Inhalation
€ Air Submersion
Daas Coafficients " Ground Plane
" Sl Layer
Dose Caeulations : 1 Ingestion risk coefficients (/ Bq) from
Early Inhalation - B [Muchde C14
e F1 1.00E +00
Element Dala : | |Initake [ ater
= Cancer mortality
Material D ata B esophaqus  JB2E13
| |stomach 220E-12
colan 488612
Putilic Exposure [ata fiver 886E13
Iuing 49412
- hone RA1E-14 |
Fadiation Figld Data [ E1%E14 |
breast 213¥E-12 i
Risk Coefficients | fovay  J7OE13 |
bladder 147E-12
kidney 30E12
Supplernental D ata thyroad 15213
ke [33E02 !
I |
L Total 28%-11

| g —

Workbook Views

Zoom

24

Al - F | Ingestion risk coefficients (/ Bg) from FGR 13

isk coefficients (/ Bg) from FGR 13

2 Nuclide C-14 C-14 I-131 I-131

3 Fl 1.00E+00 1.00E+00 1.00E+00 1.00E+00

4 Intske  DWater Diet D Water Diet

5

6 Cancer mortality morbidity mortality morbidity mortality morbidity mortality morbidity

7 esophagu 6.23E-13 6.92E-13 JE-13 7.78E-13 2.22E-13 247E-13 A75E-13 3.06E-13

8 stomach  2.26-12 245E-12 293612 3.256-12 1.28E-12 1.426-12 1.756-12 1.95E-12
|| 9 colon 4.8BE-12; B.B7E-12 6.85E-12 1.25E-11 1.83E-12 3.32E-12 2.76E-12 5.01E-12
1110 liver 8.86E-13 5.32E-13 9.8%E-13 1.04E-12 8.67E-14 9.12E14 1.02E-13 1.07E-13
{11 lung 4.94E-12 5.2E-12 6.08E-12 6.4E-12 113612 1.18E-12 147E-12 154E-12
12 bane 5.41E-14 7.73E-14 6E-14 B8.56E-14 1.3E-14 1.B6E-14 1.46E-14 2.09E-14
13 skin 5.13-14 5.13E-14 6.43E-14 6.43E-14 7.08-15 7.08E-15 S5.18E-15 5.18E-15
14 breast 2136-12 4.276-12 2.86E-12 5.71E-12 3.24E-13 6.48E-13 4.58E-13 5.16E-13
15 ovary 7.04E-13 1.01E-13 7.97E-13 1.14F-12 7.46E-14 1.07E-13 B.91E-14 1.27E-13
16 bladder 147E-12 2.94E-12 1.58E-12 3.17E-12 2.01E-12 4.01E-12 2.18E-12 4.35E-12
17 kidney  3.03E-13 4.67E-13 3.41E-13 5.25E-13 2.76E-14 4.25E-14 3.25E-14 5.01E-14
18 thyroid 1.52E-13 1.52B-12 1.99E-13 1.99k-12 1.22F-10 1.22E-09 1.73E-10 1.73E-09
19 leukemia 3.33E-12 3.36E-12 3.62E-12 3.66E-12 6.17E-13 6.23E-13 6.83E-13 6.9E-13
20 residual  7.21E-12 1.02E-11 9.74E-12 1.376-11 1.276-12 1.78E-12 L.77E-12 24912
21 | Total 289e-11  4.28-11 3.68E-11 5.4E-11 1.31F-10 1.23E-09 1.85E-10 1.75e-09
2

2




Risk Coefficients .
(Credit from ORNL)

 Federal Guidance Report 13
e Average member of the US public 1
— Mortality risk coefficient per unit activity
inhaled or ingested for internal exposures or per
unit time-integrated activity concentration in air .
or soil for external exposure
— Morbidity risk coefficient is a comparable
estimate of the average total risk of

experiencing a radiogenic cancer, whether or
not the cancer is fatal .

— Data presented for 14 cancer sites




Biological Diata

L] Radiological Toolbox

Decay Data

Doge Cosflicients

Dioge Caculations

Early Inhalabon

Element D sta

Matzrial D ata

Public Exposure Data

Fladiation Field D ata

|
|
|
|
|
|

Risk Coefhicients

Supplemental Data

(11) Supplemental Data

Uriks, Constants, Conwersaon Factors

SI Urutz Physical Constants Carrversion Factors |

Conwverzion factors aie iom the T7th edition of the CRC Handbook. of Chednistry
|-am:l Phipsics, 1596, Chemical Rubber Publishing Co.

International Nwclesr and A adiological Event Scale [INES)

Dizplay _J

Famulas

Dizplay | |HaLemar'. Equation fe Decay Chans ﬂ

Weh Pages

DOE Doze Ranges

Display

Transpoet Package Regulations - 10 CFR 71

A1/42 Table

Supplemental Data

1 Bateman Equation for Decay Chains

the first 1s zero. that is .-f!?

Bateman Equation

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

=dt

i i 2 i
A) = A | fijmd ) =———
L *D“““ ’jzz,n:m..uk_&;)

k=]

where A7 is the activity of the parent nuclide, i =1, at time zero, f; ,; the fraction of
the nuclear transformation of member ; forming member j+1. and ; 1s the decay
constant of member 1. [t is assumed that at 1 = 0 the actuvity of all members bevond

0 fori=1.
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Ionfzfﬂ'g Radiation Whole body, acute: G-I destruction;
(gedamze cognitive dysfunction

athcertamm.ﬁto 12 days)*

Cancer Radiotherapy
r total doses to tumor

acute exposure = all at once;
chromic = hours, days, years

s

Dose Ranges

P e T e e B e il e —

Whole body, acute:
cerebral/ vascular

( Rem ) @I;_.

o 2000
Life Span Study

Total Body
(A-bomb survivor Irradiation

epidemiol oq}-)\TBIJ Therapy g sk g

Charged particle event mmmmsssEnan
(Solar flare) dose on&

4000 6000 8000

ge

- e

S breakdown
10,000 rem  (4opth in 0-5 days)*

Whole acute: circulating blood Acute Radiation
el gead a3 Syndromes

Whole body, acute: marked G-I
and bone marrow damage
(death probable in 1-2 wks)*

moon, no shielding

_ 800 '\
Estimated dose for
Office of 3-yr Mars mission

Main erythema
reaction
[10 day onset)

Human LDy, range acute exposure

.
Permanent

600 " piiation
(3 wk onset)

Temporary
200 epilation
Early, trhnsient (3 wk onsst)
skin erythema
{2-24 hr onset)

r‘

acute exposure

1,000 rem
Human I Dg, range

r
E *Note: Whole body acute
£ prognoses assume no medical
H intervention

H (G-1= gﬂslromtestmsl)

4 Science (current shielding) no medical intervention® with medical intervention e d
.5, DEPARTMENT OF SENERGY C e — Cancer Epidemioclogy =——— Medical Diagnostics rads
Evidence for small increases in human L L 2 (8] (Estimated maxinuumn organ dose)
cancer above 10 rem acute exposure e =
or 20 rem chronic exposure 0 10 20 0 40 50 60%_70 80 90 100vem | = {Pi%;_—:% e
Typical mission doses on Ramsar, Iran DHS emergency Fuitleﬂue Interplanetary Space _B — ﬁenml P;nuram,ir G._O‘!
International Space Station high natural bkag/yr to save a life 75 rem natural bkag/yr C — Lumbar-Sacral Spine 0.2_03
° DOE Low Dose Program ————s D - Mammogram 02-04
@ EF M I N JK G H 2 2 Radiotracer Imaging
E — Heart Stress (Tc-99m) 0.6-1.2
Marala Coant i 0 1 2 3 4 5 6 7 8 9 10 rem F — Bone (Tc-99m) 04—_15
high natural t‘)kg.-'yr DHS emergency guideline DOE, NRC dose limit for G — Dual Isotope Stress Test 4.0 —4.5

Guarapari, Brazil

workers: 5 rem/vr (50 mSviyr)
high natural bkg/yr : -

Medical Diagnostics (A-O)

E F see chart >>

700 800 200
Yangjiang, China
high natural bkg/yr

for public relocation:
Typical added annual dose for 2 rem/yT (20 mSv/yT)

cominercial airline flight crews ™ —_
@ A B €
0

Airport x-ray
whole body
scanner:
0.007 mrem/scan

100 200

Matural background, USA

1,000 mrem
I rem )

H - PET: F-18 FDG (bladder) 55-8
CT Scans (X-rav)

(nmltiple scan average dose)

I — Chest 2-3
J — Head 3-5
K — Abdominal 22-6
L — Full Body 5-10
scopy_ /Procedures
M - Barium Contrast G. L. 1-22
N — Cardiac Catheterization 1.2-4
O — TIPS Procedure 40 — 140

= DOE facility average = 310 mrem/yr
( Limit = 25 mrem/sr e i 3 . ad -
o O S releases (includes radon) Regulations & Guidelines
@ A 1 1 | | '] B . ] [l (TIPS: :;:_1;5.‘]?

Rouul Arip 30 40 50 60 70 80 90 100 mrem s St
Los Angeles —

e Rank . NRC cleanup criteria for site DOE. NRC d limit for th

(=3.7 mrem) EPA dose limit EPA dose limit decommissioning / unrestricted 2 use Nmit for the

public drinking water  from release in air: e 75 IEreRYT public: 100 mrem/yr (1 mSv/yr)

10 mrem'yT

(ICRP, NCRP)

LD, = Lethal Dose to 50%

(whole body dose that results in lethality to
50% of exposed individuals in 30-60 days)

systems: 4 mrem/yr
ading 3 smple, wer-fnendly, “order-of-mapnitade” mﬁ(n&mwef
ﬁal!pmmqmmzx]-ﬁssl “dose equivalent™ m the more
orman dose; um\—uemm dE:m-edn:.(
Mnmm\emmmmmmmﬂmgﬁmm;ug
dacumhousglbgnwnul does not address

NOTE: Thus chart was constructed with the mmmnefpnn.
zeneral publse

interest to scaentists, =, and the
1adhxhon protechon wats the rem and Sievert.
ﬂnv dnnncmsplvn estimanon of nak (mmsnmghﬂn,g;l

cotest It schaonledend dut b
.\wzu.a_ (NRC = Muclear K . DHS = Departsent of Herelnd Secusity)
Disclainner: Nﬁhtmsmmmmwmr_.mvdmmpm “smakes any wassasty, expres of inphed, or
sazumies any legal hsbility or respensibility for the acsuracy, ax of any

Chart compiled by NF Merting, Office of Science,

hitp:/wvww. lowdose energyv.gov/

Dose Equivalent: 100 rem = 1 Sievert
= (absorbed dose x radiation quality)

Absorbed Dose: 100 rad = 1 Gray

DOE/BER “Orders af Magnimde” revised June 2010 1 rem = 1 rad for x- and gamma-rays
( “ =" stands for “approximately equal to™)

Source: Office of Biclogical and Environmental Research (BER), Office of Science, U.S. Department of Energy
hitp:/iwww.science.doe.gov/ober/
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Other Data

(Credit from ORNL)

e Radiation Field Data
— ICRP Publication 74/ICRU Report 57 Dose Coefficients

e Supplemental Data
— 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)



NUREG/CR-7166: ch.3. HOW TO

ACCESS RAD TOOLBOX FEATURES

Use Of The Nuclide Input Grid In Requesting Dose Coefficients

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

How to Export Data

Use The Activity Feature In Dose Calculations For A Decay
Chain

How to Define a Material and Calculate its Interaction
Coefficients

How to Generate Histogram Representation of Beta Spectra
How to Check the Integrity of the Rad Toolbox Data Files
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Free Educational CD Downloads

The following files are downloadable installation files for CDs of dose coefficients
avallable here at no cost They can be used by teachers, students, and those interested
radiological protection together with their parent ICRP Publications. Please note that
while we encourage you to download and use these CDs, ICRP retains copynight and
you must not edit or attempt to repackage these materials for sale

These downloads replace ICRP CD1, COZ2 and CD23 which are now out of print. These
free downloads are for Windows operating systems, including Win 7, on 32 and 64 bit
machines.

ICRP Database of Dose Coefficients: Workers and Members of the Public; Ver.
30

Available as a Windows setup file named 151 ICRPDOSE setup.exe.

ICRP Database of Dose Coefficients: Embryo and Fetus; Ver. 2.0
Available either as a Windows setup file named §§) ICRPCD2 setup exe oras a
selfextracting file named 1_%4 ICRPCD2 SeWEstract exe.

ICRP Database of Dose Coefficients: Radionuclides in Mother's Milk: Ver. 2.0
Available either as a Windows setup file named ﬂ ICRPCD2 seilup exe or as a
selfextracting file named 154 ICRPCD3 SefExtract exe

If the: Help utility is nat available for CD2 and CD3 it maybe necessary to download from
a program from Microsoft. See the ReadMe tx file in the installation folder after nstaling
these databases

Piease note that the dose coefficients in the first of the downloadable CDs listed above
are the same as those in [ICRP Publication 118 "Compendium of Dose Coefhicienis
baszed on ICRF Fublication 807 Aithough the downloadable CDs will be of practical use,
the above-noted ICRP Publication will be the definitive and reference able compendium
of these coefficients

& Internet | Protect

Freebie:

In footnote of Page 9:

“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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Freebie:
NUREG-1350: ML15254A321.pdf

Figure 8. Nuclear Share of Electricity Generated by Country

France Slovakia Hungary Ukraine 611110 Sweden ?ellxmd ?enin
78% 57% 54% 49% 48% 1% 38% Erg
Czech Rep Finland Bulgaria Armmenia  Rep. Korea Spain US.A Russia

. . jrmi—
36% 35% 32% 31% 30% 20% 19% 19%
Romania United Kingdom Canada Germany S ﬂnca Mixjm Pab::’stan Arue-nlma
2 Zage 7 - =
> g > (=)
) | J -
18% 17% 16% 16% 8% 6% 4% 4%
Netherlands India Brazil China Iran Japan
- u n 1 1
y N A=
W - e
4% 4% 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

Dry Cask
Pool =

Deconversion of ~—1
Depleted Uranium ‘E

Uranium-Plutonium
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Slorage_

I"nfor‘lil‘a*tion Digest

e Reprocessed
Milling ranium

Uranium Recovery

o = —
o0 r—

Reprocessing|

acility*

Heal

InSitu  Mining | g
A2

Disposal

Natural
Uranium

* 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.




More Database?

Cosmic-ray
proton

(C) Biosphere

crops Ancient life

%

Aquatic biomass
+

Ocean

@ i ﬁ ’a carbonates

. (D) Remains of living matter

Plll']

S f)lNG
TROLLEYS

P ROV lslgr)ﬂﬁi'nouxu
FUN DAMENMP‘E_‘ASU RE ME}:TAADIOAC

%’,OLO \?MMISSI%}MG
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