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WHAT was the background?
Understanding GTRI...

“Global Threat Reduction Initiative”

* Multi-agency Program:

Under directives of the U.S. Department of Energy (DOE) and
the National Nuclear Security Administration (NNSA)
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WHAT was the background?
Understanding GTRI...

“Global Threat Reduction Initiative”

* Three Sub-Programs of GTRI:

1. Convert (HEU to LEU Worldwide)
2. Remove (HEU and High Activity Sources)
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This Work Direct

“Protection Program F N
To provide support for the on-going protection of aterlals“oncern

The Goal?

Developed an updated global survey of radioactive source production
evaluated using the 5-Point downselection methodology to identify
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HOW was thls achieved?
"‘"‘
In FOUR Sub- Sectl

1. Completion of the Global So, wtlon Surﬂ
wn-Selection Methodology

2. Update to the Radiological Source D

3. Characterization of the determined radioisotopes of concern
using Dose Projection Modeling software known as “Turbo
FRMAC” (Federal Radlologlcal Mon/tor/ng and Assessment
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SECTION 1: Global Source Survey

WHERE are all the sources?
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SECTION 1: Global Source Survey
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What was done in the PAST
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SECTION 1: Global Source Survey

2008

Sandia Report for unlimited release :
SAND2008-8252, “Survey of Radioactive Sources and Commerce”

(Gorenz and Rhodes 2008)

Globally Identified...
A S NMAoinr | Niittfnrtrirorc nnod 11N

D ¥ 4




Sandi

T VAL =g
I//IVADﬂ

SECTION 1: Global Source Survey
2008 Issues...

&
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SECTION 1: Global Source Survey
CU R R E NT Updated “Global Source Survey”

An attempt to more completely identify...
» All sites of interest per country

(Government Agencies, Universities, Companies)
» Facilities within each site
(Reactors, Cyclotrons, Accelerators identified as source producers)

>Sources manufactured within these facilities
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SECTION 1: Global Source Survey

Governmental Departments
(Ex. Energy, Defense,etc.)

Regulatory Institutions
(Ex. NRC,etc.)

|
I 4 Industrial Sites N
Research Sites * Radiopharmaceutical Plants
e Academic Institutions * Sealed Source Plants for Medical/Industrial
« Weapons/Defense Research * Irradiation Plants for Food and/or Medical
» Medical Research Institutions, etc. > * Technology Plants - Electronics -

* Weaponry Component Plants, etc.
* Key Global Source Distributors

Additional Facilities

* Fuel Reprocessing and/or Separation

Identification of Site Sources Identification of Manufactured Sources
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SECTION 1: Global Source Survey
The Outcome...

» Determination of the market sectors that drive radioisotope source
production, use and distribution
» Determined Support of 5 Industries within 2 Market Sectors:

1. Government Sector
a. Research and Development
b. Defense
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SECTION 1: Global Source Survey

R
The Outcome... "’

elopment and Dé fense)

1. Government Sector (Research &

» Production within 51 countries on all continents
» Completed Government Source Producers Guide

- 127 sites and source producing facilities were identified
~ -149 unique radioisotopes produced across these site facilities identified

X
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“SECTION 1: Global Source Survey
Sample — Government Source ProW and Defense

QUANTITIES Up To (per SOURCE Unless

COUNTRY | FACILITY LOCATION UNIT RADIOISOTOPE | Specified)
Nuclear Research Center of Birine ES- Various
Algeria Commisariat A ['Energie Atomique Birine, Algeria SALAM | Radioisotopes NK
Centre de Dévéloppement des Various
Techniques Nucléaires Argel, Algeria NUR Radioisotopes 2,100 GBq Annual Total
Atomic Cneter of the National Atomic
Energy Commission, Comision Buenos Aires,
Argentina Nacional de Energia Atomica (CNEA) | Argentina RA-1 Cr-51
Ir-192 851,000 GBq Annual Total
Sm-153
I-131
Mo-99
Ezeiza Atomic Center (EAC), Comision | Buenos Aires,
Nacional de Energia Atomica (CNEA) | Argentina RA-3 Co-60 14,000 Ci/Source
Mo-99 NK
INVAP, Comision Nacional de Energia | Bariloche,
Atomica (CNEA) Argentina RA-6 Au-198
Br-82
I-131 2,0000 GBq Annual Total
Ir-192
Mo-99
Sm-153
Pilcaniyeu Technology Center,
Comision Nacional de Energia Atomica | Rio Nigro,
(CNEA) Argentina RA-8 Ar-41 NK
Au-198 NK
Br-82 NK
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SECTION 1: Global Source Survey
The Outcome... ’v‘" e

ent and

)efense)

1. Government Sector (Research & elopr

» Unique radioisotopes and a plified marker for
availability in the market for each determined by analysis of
the complete Government Source Production Guide

”Government Source Availability” table created w:th each umque rad:o:sotope
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SECTION 1: Globa_l Source Survey

The Outcome...

1. Government Sector (Research &

Sample of “Government Source Availabilit

\\-‘

elop nt andkense)

QUANTITIES UP TO QUANTITIES UP TO

RADIOISOTOPE | (per SOURCE Unless Specified) | OCCURRENCE || RADIOISOTOPE | (per SOURCE Unless Specified) | OCCURRENCE
Ir-192 > 1000 Ci 42 Au-198 100's mCi 16
1-131 4,000 Ci (Weekly) 38 Lu-177 80 Ci 15
Co-60 14,000 Ci 33 Na-24 100's mCi 15
| Mo-99 2500 Ci (Weekly) 27 Ar-41 100's mCi 13
Tc-99 100's mCi 25 Ho-166 10,000 Ci 13
Sm-153 <8.6Ci 23 Cr-51 mCi 12
HEU* N/A 20 Br-82 100's mCi 11
Pu-239 ~61.3 mCi 20 Re-186 10,000 Ci 9
P-32 <10 mCi 19 P-33 > 4300 Ci 8
I-125 1200 mCi 18 Y-90 NK 8
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SECTION 1: Global Source Survey
The Outcome... v ‘ |

1. Government Sector (Research &

elop 'ntan‘a )efense)

» Higher levels of occurrence in the Government Source

Availability Table were analyzed as higher availabilities of a
radioisotope within the sector.

“Government Sources by Availability” was then created from those sources of
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SECTION 1: Global Source Survey

The Outcome...

1. Government Sector (Research &

elop
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nt and Defense)

Sample of “Government Sources By Availability” ¢
QUANTITIES UP TO QUANTITIES UP TO
AVAILABILITY (per SOURCE Unless AVAILABILITY (per SOURCE Unless
SCORE RADIOISOTOPE Specified) OCCURRENCE SCORE RADIOISOTOPE Specified) OCCURRENCE
1 Ir-192 > 1000 Ci 42 18 Re-186 10,000 Ci 9
2 1-131 4,000 Ci (Weekly) 38 19 P-33 > 4300 Ci 8
3 Co-60 14,000 Ci 33 20 Y-90 NK 8
4 Mo-99 2500 Ci (Weekly) 27 21 Fe-59 >]1 mCi 7
5 Tc-99 100's mCi 25 22 Sh-124 NK 7
6 Sm-153 <8.6 Ci 23 23 Xe-133 NK 7
7 HEU* N/A 20 24 Re-188 5 mCi 6
8 Pu-239 ~61.3 mCi 20 25 Sc-46 mCi 6
9 P-32 <10 mCi 19 26 W-188 5Ci 6
10 1-125 1200 mCi 18 27 Cs-137 40 Ci 5
11 Au-198 100's mCi 16 28 Hg-203 mCi 5
12 Lu-177 80 Ci 15 29 La-140 NK 5
13 Na-24 100's mCi 15 30 Mn-56 100's mCi 5
14 Ar-41 100's mCi 13 31 S-35 5 mCi 5
15 Ho-166 10,000 Ci 13 32 Se-75 1 mCi 5
16 Cr-51 mCi 12 33 Sr-89 NK 5

Br-82

100's mCi

11
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SECTION 1: Global Source Survey
The Outcome... v ;

2. Commercial Sector (Medical, Ind

Power) ‘
» Completed Commercial Sector — Over 500 corporations
documented

» Used MAIJOR corporations only for analysis; indicated by
~ inclusion in International Source Suppliers and Producers
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“SECTION 1: Global Source Survey

-

Sample — Commercial Source Produ%trial, Medical & Power
QUANTITIES Up To
(per SOURCE Unless
COUNTRY [ COMPANY LOCATION RADIOISOTOPE Specified)
Dioxitek - Comision Nacional de Energia
Argentina Atomica Cordoba / Buenos Aires, Argentina Co-60 NK
uo, NK
INVAP Bariloche, Argentina Co-60 NK
Cr-51 NK
I-125 NK
I-131 NK
Ir-192 NK
Mo-99 NK
Tc-99m NK
Belgium Institute for Radioelements (IRE) Fleurus, Belgium [-131 >43Ci
' Mo-99 0.5 Ci
Y-90 >1.5Ci
Institute for Radioelements Environmental &
Lifestyle Technologies (IRE ELiT) Fleurus, Belgium Re-188 1.5 Ci
W-188 1.5Ci
Y-90 >1.5Ci

CANBERRA (Sourced from Eckert &
Ziegler, Isotrak and LEA, AREVA

Canada subsidiary) USA Ba-133 10 uCi
France Cd-109 10 uCi
UK Co-57 25 uCi
Canada Co-60 1 uCi
Belgium Cs-137 10 uCi
Netherlands Eu-152 0.1 uCi

Luxemborg Mn-54 10 uCi
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SECTION 1: GIobaI Source Survey
1 N

The Outcome...

2. Commercial Sector (Industry,

| an prer) ‘

» Same availability rankings used by “occurrence” (as in
Government sector) to indicate those radioisotopes of
highest availability
» 144 unique radioisotope cut down to 32 based on
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SECTION 1: Global Source Survey

The Outcome...

2. Commercial Sector (Industrial,

al,

Sample of “Top Commercial Sources By Availability”

7
i

J

-

[ Nuclear Securil
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AVAILABILITY QUANTITIES UP TO AVAILABILITY QUANTITIES UP TO
SCORE RADIOISOTOPE (per SOURCE) OCCURRENCE SCORE RADIOISOTOPE (per SOURCE) OCCURRENCE
1 Co-60 14,250 Ci 28 18 Ru-106 2 mCi 7
2 Cs-137 2.2 kCi 17 19 Y-90 > 500 Ci 7
3 1-125 250 Ci 16 20 Zn-65 10 mCi 7
4 1-131 30 Ci 13 21 Cr-51 > 100 mCi 6
5 Ir-192 500 Ci 12 22 Gd-153 3 Ci 6
6 Co-57 100 mCi 11 23 Ni-63 2Ci 6
7 Pd-103 15 Ci 9 24 8-35 1 Ci 6
8 Tc-99 87.5 Ci 9 25 Sr-85 10 mCi 6
9 Se-75 150 Ci 8 26 Cf-252 6.5 Ci 5
10 Am-241 18,000 mCi 7 27 Eu-152 20 mCi 5
11 Ba-133 30 mCi 7 28 Kr-85 30Ci 5
12 C-14 300 mCi 7 29 Mn-54 2 mCi 5
13 Cd-109 1 Ci 7 30 P-33 > 1 Ci 5
14 Fe-55 3 Ci 7 31 Sr-89 500 mCi 5
15 Mo-99 87.5Ci 7 32 Sr-90 50 mCi 5
Na-22 10 mCi 7
P-32 1 Ci 7




Sandia
m National
Laboratories

T VAT =%
I//IVA'D--Q

SECTION 1: GIobaI Source Survey

The Outcome...
Sample of “Top Government and Comrvia

1\.
-

-

/ Availability”

{
QUANTITIES UP
AVAILABILITY TO
SCORE RADIOISOTOPE (per SOURCE) OCCURRENCE
1 Co-60 14,250 Ci 61
2 Ir-192 > 1000 Ci 54
3 1-131 30 Ci 51
4 I-125 250 Ci 50
5 Mo-99 87.5 Ci 34
6 Tc-99 87.5 Ci 34
7 P-32 1 Ci 26
8 Sm-153 < 8.6 Ci 23
9 Cs-137 2.2 kCi 22
10 HEU* N/A 20

Pu-239

~61.3 mCi

20
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SECTION 2: Updated Downselection

What is the Downselection...

After determining the isotopes most readily available globally
based on the Global Source Survey, these sources were subjected
to the Radioactive Material Downselection...

“[A method to] identify, prioritize, and determine threshold
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SECTION 2: Updated Downselection

Basics of the Downselection...

1. Start with the complete, current Chart of Nuclides,

2. Remove all non-radioactive nuclides,

3. Eliminate additional radionuclides based on certain physical
and chemical characteristics such as half-life, etc.,

4. Utilize the avallablllty of sources as ascertalned in the Updated
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SECTION 2: Updated Downselection

Downselection Results...

To begin, a live Table of Nuclides presented by the IAEA was
used known as “Live Chart”

Here the Table was filtered to take account of the half-life and
specific activity parameters specified in the downselection
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SECTION 2: Updated Downselection

Downselection Resu

“Live Chart” Filtering...

R i Isotope Browser Search & Filter Mass chains ’ Neutron Cross email: nds contact point
ltia‘:-estfu':tiz :)nfdrd‘gcgl\';qisfa the Anr:jrmd app for eion Ground states, Levels, B and ec decays ™ Sections Go to the Applet v:lrsion
mobile devices Bands, Gammas, Radiations plotting Resonance Integrals  Guide & Sources
Nuclide '
e g 135 [

Color zones by W
[° value  quantile

Half-life [s]

Nuclide Gammas

El. and Magn. Mom. | Ther. Neutrons Capture | Fission Yields
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SECTION 2: Updated Downselectl N

data.

Those listed by Live Chart that were not found to be readily available
(or included in the finalized “Top Government and Commercial
Source by Availability Table) in the global source survey were
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SECTION 2:

Downselection Res
Sample of “Possible Radioisotopes of‘cern

QUANTITIES UP
TO
RADIOISOTOPE (per SOURCE) OCCURRENCE
Co-60 14,250 Ci 61
Ir-192 > 1000 Ci 54
1-131 30 Ci 51

1-125

250 Ci

50

P-32

1 Ci

26

Cs-137

2.2 kCi

22

Pu-239

~61.3 mCi

20

Cr-51

> 100 mCi

18

Lu-177

80 Ci

15

Ho-166

10,000 Ci

13

P-33

> 4300 Ci

13

Se-75

150 Ci

13

Co-57

100 mCi

11

S-35

1 Ci

11
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SECTION 2: Updated Downselectlon
Downselection Re,mP

- : :‘. W - ‘ -
These results were then further refine emission typesﬂeach
of the listed possible radioisotopes of concern to determine if the
activities listed fit the parameters to indicate them as a finalized

radioisotope of concern (0.1 Ci for alphas and 1 Ci for betas and
gammas).
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SECTION 2: Updated Downselection

Downselection Res

“Finalized Radioisotopes of Concern”

QUANTITIES UP TO
RADIOISOTOPE (per SOURCE) MODE OF DECAY
Am-241 18,000 mCi a
Cd-109 1Ci v
Cf-252 6.5 Ci a
Co-60 14,250 Ci B
Cs-137 2.2 kCi B
| Fe-55 3 Ci v
Gd-153 3Ci y
Ho-166 10,000 Ci B
1-125 250 Ci Y
I-131 30 Ci B
Ir-192 > 1000 Ci B
Kr-85 30 Ci B
Lu-177 80 Ci B
Ni-63 2 Ci B
P-32 1 Ci B
P-33 > 4300 Ci B
Pd-103 15 Ci Y
§-35 1 Ci B
Se-75 150 Ci Y
W-188 5 Ci B
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SECTION 3: Characterization of the
determined radioisotopes of concern using
Dose Projection Modeling software

Turbo FRMAC Basics

 Dose Projection modeling software suite developed by Sandia
National Laboratory — Turbo FRMAC
* More advanced and accurate modeling scheme
* Urban RDD characterization — uses weathering and roughness
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e 2 Pathway Method = Ground Contamination (Groundshine and
Resuspension — no plume exposure)

* 4 Pathway Method = Ground + Airborne Contamination
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ings for 2 Pathway

4 PATHWAY
SETTING 2 PATHWAY CONFIGURATION CONFIGURATION
Category Public Protection “
Calculation “

Projected Public Dose

Date/Time Mode

Time After Release

Time Phase Chart

Easrly Phase = 96 hrs, First Year = 365 days, Second Year = from day 365 to day 730, Fifty Years =
from day 0 to 1.825 x 10* days

Radionuclide Mixture

Each Radioisotope of concern individually

Dose Pathway

Two-Pathway

Units

Activity per Units

Auto-Fill Daughter Values

Yes (Bateman Equations)

ICRP Guidance

ICRP 60

Commitment Period

Chronic

Breathing Rate

Default Settings (Table)

Ground Roughness Factor

Default (0.82)

Minimum Particle Size

Dependent on Radioisotope of Interest based on ERAD Model: Y —2 um, B—2 um, a— 2 um

Maximum Particle Size

Dependent on Radioisotope of Interest based on ERAD Model: Y — 200 um, f — 250 um, a — 100 um

Respirable Fraction

Dependent on Radioisotope of Interest based on ERAD Model: Y—-0.5, B—0.1, a —0.35

Non-Respirable Fraction

Dependent on Radioisotope of Interest based on ERAD Model: Y—0.5, B —0.9, a —0.65

Geometric Std. Deviation

Dependent on Radioisotope of Interest based on ERAD Model: Y—3,B-3, a—3

Kl Administration

No

Resuspension Factor

Default, Maxwell-Anspaugh Method

Weathering Factor

Default, Maxwell Method

Inhalation Coefficient Basis

Default, Lognormal

Lung Clearance Class

Default, Maximum
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SECTION 3: Characterization of the
determined radiois

Wof‘
Dose Projection Modeli

DRL - Derived Response Li

An activity per square area for each radionuclide, that, if measured
following a radiation exposure, would indicate that the limit for
the particular rad|0|sotope had been reached resultlng in the
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SECTION 3: Characterization of the
determined radioisotopes of concern using
Dose Projection Modeling software

Modeling and Dose Limits...

EPA TEDE PAGs

In previous studies, the dose guidance used to characterize scenarios
using radionuclides of concern were based on the EPA/DHS
Protective Action Guide, which recommends the relocation of a
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""" SECTION 3: Characterization of the
determined radioisotopes of concern using
Dose Projection Modeling software

Modeling and Dose Limits...
10 CFR 20’s CEDE Limit

This was contrasted by using the TEDE and CDE organ dose limits as
identified in 10 CFR 20, or an intake that would result in a TEDE
of 5 rem (whole body), or 50 rem CDE to any individual organ or
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SECTION 3: Characterization of the
determined radioisgtopesgof concern using
Dose Projection Modeling software

Modeling and Dose Limits....

4 &
These settings were then used to deterr"ijne the DRL for eacwtime
phase using each radioisotope of interest, followed by the
determination of the official, most limiting, DRL chosen from these
calculated DRL’s for each isotope of interest using the EPA TEDE
PAG levels for each time phase (1 rem in the early phase, 2 rem in

'_ P ) Y




) & Activity per Unit Area DRLs for All Radioisotopes of VA" axs
Concern Using Std. EPA TEDE PAG Levels, 2 Pathway Model
2-Pathwayvy Early Phase. 1 rem 1st Year, 2 rem Ind Year, 0.5 rem 50 Year, 5 rem

Calculations | Whole Bodv TEDE | Whole Body TEDE | Whole Body TEDE | Wheole Body TEDE
Radiocisotope Activity per Unit Area, nCi m™ £0.01 nCi m”
Am-241 8 31E+03 4 00E+03 1.07E+03 9 09E+03
Cd-109 2 51E+07 1.64E+06 8 93E+05 2 0TE+06
Cf-252 2 14E+04 8 93E+03 2 17E+04 1 64E+04
Co-60 4.13E+05 8. 73E+05 3.50E+03 4. 73E+03
Cs-137 1.68E+06 4 20E+04 1 24E+04 6. 58E+03)|
Fe 55 4. 55E+08 2 22E+08 1.32E+10 5.52E+08
Gd-153 9 82E+06 3 92E+05 3. 26E+035 6.79E+05
L.125 2 02E+07 2 67TE+06 5. 73E+07 6.61E+06
I-131 2 94E+06 1.75E+06 5.87E+17 4 38E+06
Ir-192 1.25E+06 1.00E+05 8 93E+05 2 A3E+05
Kr-85 9. 09E+07 2 24E+06 6.93E+05 6.04E+05
Lu-177 3 50E+07 2 40E+07 1. 7T4E+23 6.01E+07
Ni-63 1.08E+09 5.21E+08 2.17E+10 1.29E+09
P-32 1.18E+07 4 31E+06 6.33E+13 1.08E+07
P-33 7.65E+08 4 65E+08 3.58E+13 1.16E+09
Pd-103 1.12E+08 3.58E+07 3.31E+13 8. 96E+07
S-35 7.68E+08 3.83E+08 2. 58E+10 9. 54E+08
Se-75 2_.69E+06 1. 49E+05 3.61E+05 3.35E+05
W-188 6.04E+06 5.35E+05 6.07E+06 1.31E+06




wm  Official DRL Values for 2-Pathway Calculations  [FVA a4

Using EPA TEDE PAG Guidelines

2-Pathwayv Calculations Following

EPA TEDE PAG Levels ;
DRL, nCi m:
Radioisotope 0.0l nCim™
Am-241 4 DOE+03
Cd-109 8 93E+05
Cf-252 8 93E+03
Co-60 3.50E+03 ,”I
Cs-137 6.3BE+03
Fe-55 2.22E+08
Gid-153 3.26E+05

2 67E+06
1.75E+06
1.00E+05
6.04E+05
2A40E+07
53.21E+08

4 31E+06
4 65E+08
Pd-103 3.58E+07
5-35 3 83E+08
1 49E+05

5.35EH)5
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Activity per Unit Area DRLs for All Radioisotopes of /I VA’ «a4

[ Nuclear S

Concern Using 10 CFR 20 Worker Limits, 2 Pathway Model

fsexr. ST v | osove | aseve | osowe | MUY | YT gavr | osowe | 1seve | sovn

2-Pathway g:;f? ‘];-ilzf .-\d.renn] :'lﬂ.l'i'l'lﬂl B!.Fidder BI:.ldder SE:fI:.lie .'Sf:;:;f:e Brain B.rniu B?‘Eﬁ-‘:l E?'en'st

Calculations TEDE. TEDE. CDE, CDE, CDE, CDE, CDE. CDE. CDE, CDE, CDE, CDE.
5 S8 20 rem 150 rem 50 rem 250 rem 6 i 230 rem S0 rem 250 rem 50 rem 150 rem

Radisisotope Activity per Unit Area, nCi m™ 20.01 nCi m™
Am-241 1.00E+04 | 455E+04 | 130E+H06 | 6.41E+D6 | 130E+06 | 6.41E=06 | 221E+03 | 1.09E+D4 | 1 30E+D6 | 6.41E+06 | 1.30E+06 | 6.41E+06
Cf-152 223E+04 | B22E+04 | 352E+07 | L.7SE+H0R | 1.79E+0R | 8.87E-08 | 6.87E+03 | 3.42E+D4 | D.8RE+H07 | 492E+08 | 1.39E+08 | 6.91E+D8
Co-60 264E+04 | 237E+04 | 9.62E+H08 | 4.77EH09 | 1.15E+09 | 5.71E+09 | 1.18E+09 | 5.84E+09 | 1.61E+09 | 801E+09 | 149E+09 | 7.33E+D9
Cs-137 1.03E+05 | 329E+04 | 923E+08 | 4.56E+H09 | BOAE+D8 | 4.43E-00 | D 40E+08 | 4.65E+09 | 1.10E+H02 | 3.41E+09 | 1.15E+00 | 5.71E+09
I-131 4.38E+06 | 219EH0T7 | S48E+11 | 2.74E+12 | 3.87E+10 | 1.93E+11 | 1.88E+11 | 940E+11 | 1.68E+11 | B:39E+11 | 445E+11 | 2.22E+12
Ir-192 2350E+05 | 121E+06 | 3.37E+09 | 1.69E+10 | 5.68E+09 | 2.84E+10 | 5.19E+09 | 259E+10 | 7.76E+00 | 3.89E+10 | 7.51E+09 | 3.75E+10
Er-85 561E+06 | 3.02E+06 N/A N/A N/A N/A N/A N/A N/A NiA N/A N/A

Lu-177 6.01E+07 | 300E+08 | 1353E+12 | 7.67TE+12 | 3.7T1E+11 | 1.86E+12 | 2.56E+09 | 1.28F+10 | 2.07E+12 | 1.03E+13 | 3.35E+12 | 1.67E+13
Ni-63 1.30E+09 | 644E+09 | 135E+10 | 6.68E+10 | 1.29E+10 | 6.38E+10 | 1.35E+10 | 6.68E+10 | 1.33E+10 | 6.68E+10 | 1.35E+10 | 6.68E+10
P-31 1.OBE+07 | 339E+07 | 3.82E+09 | 191E+10 | 3.03E+09 | 1.52E+10 | 8.62E+08 | 4531FE+00 | 3.69E+09 | 1.85E+10 | 292E+10 | 1.46F+11
P-33 1.16E+09 | 381E+092 | 1.68E+11 | 839E+11 | 7.00E+10 | 3:30E+11 | 1.16E+10 | 5.79E+10 | 1.68E+11 | 839E+11 | 1.68E+11 | B39E+11
8-35 058E+08 | 477E+09 | 1.66E+11 | B33E+11 | 552E+10 | 2.76E+11 | 1.66E+11 | B28F+11 | 1.66E+11 | 828E+11 | 1.66E+11 | B.28F+11
TW-188 134E+06 | 654E+06 | 1.07E+11 | 536E+11 | 132E+10 | 6.61E+10 | 6.67E+09 | 353E+10 | 125E+11 | 6.23E+] 1.13E+11 | 5.66E+11
Cd-109 411E+06 | 103E=07 | 182E+09 | 9.12EH)9 | 3.41E+09 | 1.70E+10 | 2.34E+00 | 1.17E+10 | 3.23E+09 | 1.61E+10 | 3.36E+09 | 1.68E+10
Fe-55 556E+08 | 276E+09 | 2.02E+10 | L.OYTE+11 | 2.02E+10 | 1.0DE+11 | 2.90E+09 | 1.44FE+10 | 2.02E+10 | 1.01E+11 | 2.02E+10 | 1.01E+11
Gd-153 9BOE=05 | 340E+06 | 343E+09 | 1.71E+10 | 2.83E+10 | 1.41E+11 | 936E+07 | 4.68E+08 | 1.53E+10 | 7.67E+10 | 2.12E+10 | 1.06E+11
I-125 6.68E+06 | 331E+07 | 227E+11 | L.I4E+12 | B56E+10 | 4238E+11 | 7.27E+10 | 3.64E+11 | 3.56E+11 | 1.78E+12 | 1.87E+11 | 9.33E+11
Pd-103 BO96E+07 | 448E+08 | 7.18E+11 | 3.59E+12 | 321E+11 | L60E+12 | 2.71E+11 | 135E+12 | 5.04E+12 | 1.52E+13 | 3.36E+12 | 1.68E+13
Se-TS 3.74E+05 | 1.68E+06 | 2.539E+09 | 1.29E+10 | 6.79E+09 | 340E+10 | 4 30E+06 | 2.15E+D7 | D.73E+09 | 4.86E+10 | 9.16E+09 | 4.58E+10




Sandia " I” v~ G‘

M. Continued... NS

1st Yr. 20 Yr. 1st Y. 50X Ist Yr. 50 Y. st Y. 50 Y. lst Yr. 50 Yr. 1st Y. 20 Yr.

2-Pathway Stomach | Stomach Iliﬂ;:;-lue Inﬁﬂﬂfw Inrtj;iue ht&}ine Iutln.:*;l:'iue [utlf_-.:t_'ine Kidners Kidneys Liver Liver
Calculations CDE, CDE, . : CDE, CDE, CDE. CDE.
50 rem 150 rem _ED:E" COE; _I‘C DE, E:IFE’ .CDE' GDE' 50 rem 250 rem 50 rem 150 rem
30 rem 150 rem S0 rem 230 rem i rem 150 rem
Radicisotope Activity per Unit Area, nCi m™ =0.01 nCi m™

Am-241 130E+05 | 6.41E+06 | 1.30E+06 | 6.41E+06 | 1.30E-06 | 6 41E+06 | 1.30E+06 | 6 41E+06 | 431E+05 | 2.13E+06 | 3.60E+04 | 1.78E=05
Cf252 1.07E+08 | 530E+D8 | 7.65E+07 | 3.B0E+H08 | 6.68E+07 | 3.32E+08 | 6.65E+07 | 331E+08 | 5.39E+07 | 2.68E+08 | T.12E+D4 | 3.53E+05
Co-60 120E+09 | 5.92E+09 | 1.02E+09 | 5.02E+09 | 943E=08 | 468E+09 | 80IE+08 | 397E+09 | 1.07E+09 | 5.30E+09 | 526E+D8 | 2.61E+09
Cs-137 080E+08 | 4.84E+09 | 923E+08 | 4.58E+09 | 8.99E+08 | 445E+09 | 7.79E+08 | 3.835E+09 | 9.62E+08 | 4.75E+09 | 954E+08 | 4.72E+HQ
I-131 B8TE=10 | 443E+11 | 347E+10 | 1.73E+11 | 8.45E+09 | 4.22E+10 | 3.32E+H09 | 1.66E+10 | 477E+11 | 239E+12 | 493E+11 | 247E+12
Ir-192 4 56E+09 | 228BE+10 | 411E+09 | 2.05E+10 | 2.51E+09 | 1.25E+10 | 1.17E+H09 | 5.B7TEH09 | 7.62E+08 | 3.81E+09 | 751E+08 | 3.73EH09
Kr-85 N/A MN/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Lu-177 1 88E+11 | 940FE+11 | 7.58E+10 | 3.79E+11 | 1 40E+10 | 6.98E+10 | 531E+HD0 | 2.65E+10 | 2.76E+11 | 1.38E+12 | 250E+11 | 125E+12
Ni-63 134E+10 | 6.61E+10 | 1.32E+10 | 6.51E+10 | 1.18E+10 | 5.84E+10 | 947E+09 | 468E+10 | 1.35E+10 | 6.68E+10 | 1.33E+10 | 6.68E+10
P-32 1.58E+10 | 7.91E+10 | 2.17E+10 | 1.09E+11 | 6.76E+09 | 3.38E+10 | 2.77E+09 | 138E+10 | 2.92E+10 | 1.46E+11 | 2.92E+10 | 1.46E+11
P-33 1.03E+11 | 5.14E+11 | 1.36E+11 | 6.79E+11 | 4.60E+10 | 2.30E+11 | 1 91E+10 | 954E+10 | 1.68E+11 | B.39E+11 | 1.68E+11 | B39E+11
5-35 128E+11 | 638E+11 | LOVE+1L | 536E+11 | 1.79E+10 | 8.93E+10 | 6.16E+09 | 3.0B8E+10 | 1.66E+11 | B.28E+11 | 1.66E+11 | B28E+11
TW-188 284E+09 | 142E+10 | 1.55E+10 | 7.76E+10 | 1.60E+09 | 8.01E+09 | 4.73E+08 | 236E+00 | 2.51E+09 | 1.26E+10 | 129E+10 | 648E+10
Cd-109 F10EH09 | 1.54E+10 | 3.00E+H09 | 1.50E+10 | 2.65E+09 | 132E+10 | 212E+09 | 1.06E+10 | 223E+07 | 1.12E+08 | 1.23E+08 | 6.10E+08
Fe-55 202E+10 | 1.00E+11 | 2.00E+10 | 992E+10 | 1.87E+10 | 926E+10 | 1.62E+10 | 8.06E+10 | 2.02E+10 | 1.01E+11 | 236E+09 | 1.17E+10
Gd-153 117E+10 | 5.84E+10 | 8.71E+09 | 4.34E+10 | 5.79E=09 | 2.89E+10 | 430E+09 | 2.15E+10 | 421E+09 | 2.10E+10 | 3.40E+08 | 1.70E-09
I-11% 1.39E+11 | 947E+11 | 8.96E+10 | 448E+11 | 2.50E+10 | 1.25E+11 | ©@20E+09 | 490E+10 | 4.89E+11 | 2.45E+12 | 1.74E+11 | 8.68E+11
Pd-103 318E+11 | 1359E+12 | 1.24E+11 | 6.19E+11 | 229E+10 | 1.15E+11 | 842E+H09 | 4 M1E+10 | 725EH09 | 3.62E+10 | 1.32E+10 | 6.61E+10
5e-TS 4 51E+09 | 226E+10 | 458E+09 | 2.29E+10 | 4.19E+0G9 | 2.10E+10 | 5.18E+09 | 2.59E+10 | 746E+08 | 3.73E+00 | 1.02E+09 | 3.10E+09




r-l1 ﬁan.dia | " I” v~ G‘

anaoes  CONtinued... A NS

Lseyr, | sove | lseve | sove | 1seve | sove | pseve | sowe [ DYRO | SOYR o gie | osovn

2-Pathway Lung Lung Afuscle Muscle Ovaries Ovaries | Pancreas | Pancreas EiIBﬂ?:'.EW 33‘?::w Skin Skin

Calcilations :‘(D'D'E. 1§?E ;E}D.E. 153}}:‘ ;%D.EE. . f"jD'E. ;.}'DI:E. ,E‘}DE CDE, CDE. ;%pE. 15&1)]-:1
50 rem 150 rem 50 rem 150 rem 50 rem 250 rem 50 rem 250 rem 20 rem 220 rem 50 rem 250 rem

Radioisotope Activity per Unit Area, nCi m™” 20.01 nCim™
Am-241 1 45E+05 | TASE+(DS | 1.30E+HD6 | 6.41E+06 | 1.14E+05 | 5.61E+05 | 130E+06 | 641E+H)6 | 6.51E+04 | 3.21E+05 | 130E-06 | 6.41E+06
Cf-252 1.26E+05 | 6.22E+05 | 9.80E+07 | 4. 88E+08 | B68E=05 | 4.31E+06 | 3. 22E+07 | 2.539E+H08 | 8.56E+04 | 4.25E+05 | 1.54E=08 | 7T.67E+08
Co-60 1.82E+D8 | 9.06E+08 | 1.32E+H09 | 6.54E+09 | 1.01E+09 | 5.02E+09 | 958E+D8 | 4.75E+H)9 | 126E+09 | 622E+09 | 1.88E=092 | 933E+09
Cs-137 1L14E+08 | 5.66E+08 | 1.03E+09 | 5.08E+0% | S.06E=08 | 4.48E+09 | 8.99E+08 | 445E+H09 | 9.84E+08 | 4.88E+09 | 121E=09 | 598E+09
1-131 436E+09 | 21BE+10 | 195E+11 | 977E+11 | 791E+10 | 3.96E+11 | 428F+11 | 2.14E+12 | 2.50E+11 | 1.35E+12 | 3.72E+11 | 186E+12
Ir-1922 5.66E-08 | 2.83E+09 | 6.07E+09 | 3.03E+10 | 4.78E+09 | 2.39E+10 | 337E+09 | 1.69E+10 | 540EH0Q | 2.75E+10 | 823E+09 | 411E+10
Er-35 N/A NiA N/A N/A NiA N/A N/A NiA N/A N/A NiA N/A

Lu-177 5.80E+09 | 290E+10 | 1.94E+12 | 9.69E+12 | 871E+11 | 4.36E+12 | 1.88E+12 | 940E+12 | 5.10E+10 | L35E+11 | 3.03E+12 | 1.52E+13
Ni-63 351E+09 | 1.74E+10 | 1.35E+10 | 6.68E+10 | 135E+10 | 6.68E+10 | 135E+10 | 6.68E+10 | 1.35E+10 | 6.68E+10 | 1.35E+10 | 6.68E+10
P-32 1.535E+09 | 7.76E+09 | 292E+10 | 146E+11 | 292E+10 | 1.46E+11 | 292E+10 | 146E+11 | 2.36E+00 | L.18E+10 | 292E+10 | 1.46E+11
P33 205E+09 | 1.02E+10 | 1.68E+11 | 8.30E+11 | 1.68E+11 | 8:39E+11 | 1.68E+11 | 830E+11 | 3.09E+10 | 1.55E+11 | 1.68E+11 | 8.39E=+11
5-35 1.70E+09 | 2.56E+09 | 1.66E+11 | B28E+11 | 1.66E+11 | 8.28E+11 | 1.66E+11 | 828E+11 | 1.66E+11 | B.28E+11 | 1.66E+11 | 828E+11
VW-188 254E+08 | 1.27E+09 | 1.20E+11 | 6.01E+11 | 992E+10 | 5:56E+11 | 1.10E+I1 | 551E+11 | 1.B1E+10 | 2.06E+10 | 1.30E+11 | 6.51E=+11
Cd-109 1.66E+08 | 2.28E+08 | 292E+00 | 1.46E+10 | 3.19E+00 | 1.39E+10 | 2.5VE+00 | 128E+10 | 345E+00 | L.72E+10 | 345E<09 | 1.72E+10
Fe-55 T89E+09 | 3.92E+10 | 2.02E+10 | 1.01E+11 | 2.02E+10 | 1.01E+11 | 202E+10 | 1.01E+11 | 1.52E+09 | 7.538E+09 | 2.02E+10 | 1.01E=+11
Gd-153 498E+DE | 249E+09 | 1.26E+10 | 6.28E+10 | 1.05E+10 | 5.23E+10 | 4.69E+09 | 234E+10 | 9.58E+08 | 4.79E+09 | 2.60E+10 | 130E+11
I-115 492E+09 | 246E+10 | 890E+10 | 445E+11 | 117E+11 | 3.87E+11 | 436E+11 | 2.18E+12 | 3.70E+11 | L.85E+12 | 345F+11 | 1.72E+12
Pd-103 441E+09 | 220E+10 | 1.50E+12 | T49E+12 | 558E+11 | 2.79E+12 | 1.68E+12 | 839E+12 | 7.79E+11 | 3.89E+12 | 3.08E+12 | 1354E+13
Se-T75 1.18E+09 | 5.90E+09 | 6.38E+00 | 329E+10 | 3.07E+13 | 2.53E+10 | 2.14E+09 | 1.OTEHLIO | 5.72E+00 | 2.86E+10 | 1.07E=10 | 5336E+10




ﬁandia | IR N = % 6
ationa . v
woaoies  Continued... A NS
eV, [ S0¥r. | lseve | sowe [ YR f SONE gy |osewe [ 1seve [ sove
2-Pathway Spleen Spleen Testes Testes | o oo '“"'II_" Feon hnvu_f Thyroid | Thyroid Uterus Uterus
Calculations | CDE. CDE, CDE, CDE. LR PRAET | cDE CDE, CDE, CDE,
: g o £ - CDE, CDE, i o 2 :
50 rem 150 rem 50 rem 150 rem 5 o 50l rem 250 rem 50 rem 250 rem
50 rem 250 rem
Radioisotope Activity per Unit Area, nCi m™ £0.01 nCi m™
Am-241 130E+06 | 641E+06 | 1.15E+05 | 5.66E+05 130E+H06 641E+H06 | L30EHDS | 6 41E+06 | 1.30E+06 | 6.41E+06
Cf-2152 119E+08 | 3.92E+08 | 8. T4E+05 | 436E+06 122E+08 6.07E+08 | 1.38E+08 | 6. 87TE=08 | 1.18E+08 | 5.87E+08
Co-60 1.20E+09 | 392E+09 | 1 40E+09 | 691E+09 126E+09 622E+H09 | L.30EH09 | 6 41E+09 | 1.05E+09 | 5.19E+09
Cs-137 Q62E+H08 | 4.75E+092 | 1.05E+09 | 5.10E+HD9 O 84E+HDE 486E+09 | 988E+08 | 4 88E=09 | 896E+08 | 443E+09
1-131 5.10E+11 2.55E+12 | T2TE+11 | 3.63E+12 159E+11 TO96E+11 | 6.78E+07 | 339E+08 | 1.71E+11 | 856E+11
Ir-192 880E+08 | 440E+09 | T2TEHD9 | 3.63E+I0 6. 30E+00 3. 15E+10 | 6.68E+H09 | 334E+10 | 5.25E+09 | 2.63E+10
Er- 85 N/A MN/A MN/A N/A N/A N/A N/A N/A N/A N/A
Lu-177 240E+12 1.20E+13 | 3.14E+12 | 157E+13 234E+12 117E+13 | 231E+12 | 1.16E+13 | 1.38E+12 | 6.91E+13
Ni-63 135E+10 | 6.68E+10 35E+10 | 6.68E+10 I5E+10 6.68E+10 35E+10 | 6.68E+10 | 1.35E+10 | 5.68E+10

202E+10

1. 46E+11

292E+H1Q

1.46E+11

2.07E-+10

1.46E+11

202E+10

1 46E+11

2.97E+10

1 46E+11

1.68E+11

3 30E+11

1.68E+11

830E+11

1.68E+11

830E+11

1.68E+11

839E+11

1.68E+11

8.30E+11

1G6E+11

3:28E+11

1.66E+11

228E+11

1.66E+11

828E+11

1.G6E+11

8 28E+11

1.66E+11

S28E+11

191E+09

1.46E+10

1.30E+11

6.51E+11

1.04E+11

521E+11

1 89E+09

0 4TE-D9

1.15E+11

5.73E+11

214E+09

1 06E+10

3.32E+09

1.66E+10

323E+09

1.61E+10

323EH9

L61E+10

3. 19EH9

1.59E+10

§.83E+08

3 40EH09

2 02E+10

1.01E+11

2.02E+10

1.01E+11

202E+10

1.01E+11

2.02E+10

1.01E+11

1.74E+10

8.68E~10

6.81E+10

340E+11

1.85E+10

9.19E+10

240E+10

1 20E+11

1.75E+10

3. 4E+10

266E+11

1.33E+12

5.36E+11

2.69E+12

121E+12

2.05E+08

4.18E+11

2.09E+12

130E+12

6.48E+12

3. 36E+12

1.68E+13

1.51E+13

1.63E+13

2. T6E+12

1.38E+13

238E+0D

1:18E+10

6.13E+09

3.06E+10

T.00E+00

350E+10

3.85E+10

5.68E+09

2. B4E+10




di)&m  Official DRL Values for 2-Pathway Calculations VA ax4
Using 10 CFR 20 Worker Does Limits

2-Pathway Calculations

Following 10 CFR 20 Worker
Daose Limits ]
DRI, nCi m':
Radioisotope +0.0]l nCim™
Am-241 2.21E+03
Cd-109 4 11E+06
Ci-252 6.87E+03 -
Co-60 2.37E+04 9
Cs-137 3 29E+04
Fe-55 5.56E+08
Gd-153 9 80E+05

I-125 6.68E+06
I-131 4 38E+06
Ir-192 2.50E+05
Kr-85 3.02E+06
Lu-177 6.01E+07
Ni-63 1.30E+09

P-32 1.08E+07
P-33 1.16E+09
Pd-103 8 96E+07
5-35 9.58E+08
Se-75 3.74E+05

W-188 1 34E+06




) m _ Activity per Unit Area DRLs for All Radioisotopes of VA ax4

Concern Using Std. EPA TEDE PAG Levels, 4 Pathway Model

1.01E+06

1. 19E+06

5. 73EH)T

2 96E+06

6.94E+05

8.93E+05

5.8TE+17

2 23EH06

5.71E+05

9 52E+04

8§ 93E+H05

2.31E+05

9 09E+07

2 19E+06

6.93E+05

6.04E+05

3.94E+06

6.45E+06

1.74E+23

1.61E+H)Y

5.98E+06

1. 18E+07

2 17E+10

2 94EH07

1.29E+06

1.73E+06

6.33E+13

4 32E+H06

4.13E+06

8.20E+06

3.58E+13

2 05EH07

6.78E+06

1.03E+07

3 31E+13

2 57EH)T

4 24E+06

8. 313E+06

2 58E+10

2 08EH)7

1.01E+06

1. 43E+05

3.61E+05

3.22EH05

4 95E+05

3 58E+H05

6.07E+06

8 80E+05

4-Pathway Early Phase 1 rem 1st Year 2 rem 2nd Year 0.5 rem 50 Year 5 rem
Calculations | Whole Body TEDE | Whole Body TEDE | Whele Body TEDE | Wheole Body TEDE
Radioisotope Activity per Unit Area, nCi m~ = 0.01 nCi m™
Am-241 4 59E+01 9 01E+01 1. 07E+05 2 25E+02
Cd-109 2 44E+03 3. 79E+05 8.93E+H05 7.12E+05
Cf-252 1.20E+02 2 34E+02 2. 17E+04 5.80E+02
Co-60 1.85E+05 1.04E+04 3 50E+03 4 73E+03 7
Cs-137 2 353E+D5 3 92E+04 1 24E+04 6 54E+03
Fe-55 2 33E+D6 4 95E+06 1.32E+10 1.24E+07
Gd-153 8.68E+03 3 25E+05 3 26E+05 53 95E+05




Sandia

Netiona Official DRL Values for 4-Pathway Calculations

Lahoratories

Using EPA TEDE PAG Guidelin_es

4-Pathwayv Calculations Following EPA

TEDE PAG Levels
Radioisotope | DRL, nCi m™ £0.01 nCi m™
Am-241 4 59E+01
Cd-109 2 44E+05
Cf-252 1.20E+02
Ca-60 3.50E+03
Cs-137 6.54E+03
Fe-35 2.53E+06
Gd-153 3.25E+05

| I-125

1.01E+06

I-131

6.94E+05

Ir-192

9 52E+04

Kr-85

6.04E+05

Lu-177

3 94E+06

Ni-63

5.98E+06

P-32

1.29E+06

P-33

4 13E+06

Pd-103

6.78E+06

S5-35

4. 24E+06

1 43E+05

3.58E+05

T VAT =37
TN A A=

Nuclear Security A




) i Activity per Unit Area DRLs for All Radioisotopes of i VA" o
Concern Using 10 CFR 20 Worker Limits, 4 Pathway Model

T, SOVE | goewr. | sowr | msewe | sowe | IYS | OYS L ogave | osowe | astye | sewr

4-Pathway 223? \;-231? .-'&d.rﬂml _-'Ld.renn] Bl:.]ﬂdfl' EI:lldder SE::;E .'SE:;::‘E B.rain Bll'niu Brmﬂt Bf'{-nit

Calculations | tepe. | TEDE. | SPF Ot | A o CDE. CDE. S il CHE,
B 33 rem 50 rem 150 rem 50 rem 250 rem 50 rem 220 rem S0 rem 250 rem 50 rem 250 rem

Radioisotope Activity per Unit Area, nCi m~ £0.01 nCi m™
Am-141 225E+02 | L13E+03 | 293E+04 | 146E+05 | 2935E+04 | 1 47E+05 | S.00E+0] | 2.50E+02 | 2.93E+04 | 147E+D5 | 293E+04 | 147E+05
CE-252 585E+02 | 290E+03 | T84E+D5 | 3.92E+06 | 397EH06 | 1.99E+07 | 1.53E+02 | 7.67E+H02 | 2 21E+H06 | 1.11E+D7 | 3.10E+06 | 155E+07
Co-60 2.60E+04 | 236E+H04 | 2.16E+07 | 1.OBE+DR | 259E+07 | 1.29E+08 | 2.64E+07 | 1.32E+08 | 3.63EH07 | 1.81E+08 | 333E+07 | 1.66E+08
Cs-137 080E+04 | 327E+H4 | 2.08E+07 | 1.04E+08 | 202EH07 | L.O1E+D8 | 2.12E+)7 | 1.06E+H08 | 2 4BEHDT7 | 124E+08 | 2.60E+07 | 130E+08
1131 2.23E+06 | LI12E+07 | 1.80E+10 | 8.99E+10 | 128EH)0 | 6.38E+09 | 6.19E+H)9 | 3.09E+10 | 5.54E+09 | 2.77E+10 | 1.46E+10 | 7.31E+10
Ir-192 2.38E=05 | 1.16E+06 | 6.68E+07 | 3.34E+08 | 1.13E+H08 | 5.63E+08 | 1.02E+H)8 | 5.12E+08 | 1.54E+08 | 7.72E+08 | 149E+08 | 744E+08
Kr-85 561E+06 | 3.02E+06 | N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A

Lu-177 1.61E-07 | 8.06E+07 | 1.40E+I0 | 6.98E+10 | 3.39E+09 | 1.69E+10 | 2.34E+07 | I.ITE+08 | 1.89E+10 | 947E+10 | 3.05E+10 | 1.53E+11
Ni-63 204E+07 | 147TE+08 | 3.05E+08 | 1.52E+09 | 291E+08 | L46E=09 | 3.05E+08 | 1.52E+09 | 3.05E+08 | 1.52E+09 | 3.05E+08 | 1.52E=09
P-az 4 32E+06 | 2.16E+07 | 3.88E+08 | 1.94E+09 | 1.52E+08 | 7.62E=08 | 3.14E+07 | I.57TE+08 | 3.88E-+08 | 1.94E+09 | 3.88E+08 | 1.94E+09
P-33 205E+07 | LOZE+08 | 2.71E+D9 | 1.35E+10 | 1L.13E+09 | 5.66E+09 | 1.88E+08 | S40E+08 | 2.71E+09 | 1.35E+10 | 2.71E+09 | 1.35E+10
5-315 208E+07 | 1.04E+0B | 3.34E+09 | 1.67E+10 | 1.11E+09 | 5.56E+09 | 334E+00 | 1.67E+10 | 3.34E+09 | 1.67E+10 | 3.34E+09 | 167E+10
TW-188 B96E05 | 440E+06 | 2.10E+09 | 1.05E+10 | 259E+08 | 1.30E+09 | 131E+08 | 6.54E+08 | 245E+H9 | 1.23E+10 | 221E+09 | 111E+10
Cd-109 04TES0S | 3.86E+H06 | 4.03E+07 | 2.01E+08 | 751EH07 | 3.75E+08 | 3.15EH)7 | 2.58E+0%8 | 7.12ZEH07 | 3.56E+08 | 7T42E=07 | 3.71E+08
Fe-55 L.24E+07 | 6.19E+07 | 451E+08 | 2.26E+09 | 4.530E+08 | 2.25E+09 | 6.46E+H)7 | 323E+08 | 451E+08 | 2.26E+09 | 4.51E+08 | 2.26E+09
Gd-153 BA2E+D5 | 208E+H06 | 7T42XEHDT | 3.71E+08 | 6.11E+)8 | 3.06E+09 | 2.03E+06 | 1.02E+07 | 3.31E+H08 | 1.66E+09 | 4.5TE+08 | 229E+09
I-125 297E+06 | 148E+07 | 1.40E+10 | 6.98E+10 | 526E+09 | 2.63E+10 | 447E+H09 | 224E+10 | 2.19E+H0 | 1.10E+11 | 1.14E+10 | 5.71E+10
Pd-102 2.5TE07 | L29E+08 | 1.02E+10 | 5.10E+10 | 455E+H09 | 2.28E+10 | 3.84E+H0 | 1.92E+10Q | 431E+10 | 2.16E+11 | 4.76E+10 | 238E+11
Se-T5 3.58E+05 | 1.61E+06 | 536E+07 | 2.68E+08 | 141E+08 | 7.06E+08 | 8.90EH)7 | 445E+08 | 2.02E+08 | 1.01E+D9 | 1.89E+08 | 947E+08
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lst Y. 20 Y. 1?1 NT. S0 Y. l*:t'Yr. :'1|]_Yr. st Y. 50 Y. Lst Yr. 20 Y. 1st Yr. 20 Y.

4-Tatiovay Blempch: | Semach Ii?:?ilfie Inﬁiﬁge IntT; r:lt_'ine IDII; slt_ine hitlf_-.*;l:'j ne IIHI\\':"_:-SIE]]E Biineys: | Hdinexs kdver i

Calculations .?ff’ O, CDE, CDE. CDE, CDE, CDE. cog, | CPE ChE, | EB% COE.
T 2 e 20 rem 150 rem 50 rem 230 rem S0 rem 150 rem yem AN e S xem 2 xem

Radioisotope Activity per Unit Area, nCi m™ 20,01 nCi m™
Am-241 293E+04 | 147EH05 | 293E+04 | 147EHDS | 293E+04 | 147E+05 | 2.93E+04 | 1 46E+05 | 9.73E+H)3 | 4.B6E+-04 | 8.12E+02 | 4.06E+03
Cf252 23BE+H06 | 1.19E+H07 | L71E+H06 | B.56E+06 | 1.52E+06 | 744E+06 | 1.48E+06 | 7T40E+HD6 | 120E+06 | 6.01E+06 | 1.59E+03 | 7.96E+05
Co-60 269EH)T | 134EH08 | 227E+H07 | 1.14EH08 | 212E+07 | 1L.06E+08 | 1.80E+Q7 | B99E+07 | Z40EH)T | 1.20E+08 | 1.18E+07 | 590E+07
Cs-137 2MEHT | 1.11EH08 | 2.08E+07 | 1.04E+08 | 2.03E+07 | 1.02E+08 | 1.76E+07 | B.BOEHDT7 | 2.16E+07 | 1.08E+08 | 2.16E+07 | 1.0BE+08
1-131 291E+09 | 146E+10 | 1.14E+09 | 5.71E+09 | 2.78E+08 | 1.39E+09 | 1.10E+08 | 548E+08 | 1.57E+10 | 7.86E+10 | 1.62E+09 | 8.12E+09
Ir-192 0.03E+07 | 451E+H08 | 8.12E+07 | 4.06E+08 | 496E+07 | 248E+08 | 2.34E+H07 | 1.17E+08 | 1.51E+H07 | 7.53E+07 | 149E+07 | T44E+D7
Kr-85 N/A MNiA N/A NiA N/A N/A N/A N/A N/A N/A NiA N/A

Lu-177 1.71IE+02 | 8.56E+09 | 691E+08 | 3.45E+09 | 128E+08 | 6.38E+08 | 4.84E+07 | 2.42E+08 | 2.52EH09 | 1.26E+10 | 227E+09 | 1.14E+10
Ni-63 302E+08 | 1.51E+09 | 2.98E+08 | 149E+09 | 2.66E+08 | 133EH09 | 2.14E+08 | 1.07E+H09 | 3.04E+08 | 1352E+09 | 3.05E+08 | 1.52E+09
P-32 210E+08 | 1.05E+09 | 2.89E+08 | 1.45E+09 | B99E=-07 | 450E+08 | 3.68E+07 | 1.84E+08 | 3.88E+08 | 1.94E+09 | 3.88E+08 | 1.94E+09
P-33 1.67E+09 | B33E+09 | 2.19E+09 | 1.10E+10 | 744E+08 | 3.72E+09 | 3.08E+08 | 1.54E+09 | 2.71EH)9 | 1.35E+10 | 2.71E+09 | 1.35E+10
5-35 25TE+H09 | 128E+10 | 2.17E+09 | 1.09E+10 | 5.61E508 | 1L81E+09 | 1.24E+08 | 6.19E+08 | 334E+02 | 1.67E+10 | 3.34E+09 | 1.67E+1D
TW-188 55TE+07 | 2.78E+08 | 3.05E+08 | 1.53E+09 | 3.16E+07 | 1.58E+08 | 9.29E+06 | 4.65E+07 | 4.93E+H07 | 247E+08 | 2.54E+08 | 127E+D9
Cd-109 6.83E+H)7 | 342EH08 | 6.63E+07 | 3.37E+08 | 583E07 | 291E+08 | 4.68E+07 | 234E+08 | 4 92E+H05 | 246E+06 | 2.T0E+D6 | 1.35E+07
Fe-55 448E+08 | 224E+09 | 445E+08 | 2.27E+09 | 4.16E+08 | 2.08E+09 | 3.61E+08 | 1 81E+09 | 451E+08 | 2.26E+09 | 5.26E+07 | 2.63E+08
Gd-153 253E+08 | 127E+H09 | 1.8BE+08 | S40EHD8 | 125E+08 | 6.25E+08 | 9.29E+H07 | 4.65E+08 | 9.09EH)T | 4.55E+08 | 7.96E+06 | 3 98E+07
I-125 1.16E+10 | 3BIE+10 | 5.32E+09 | 2.76E+10 | 133E+09 | 7.67E+09 | 6.02E+08 | 3.01E+09 | 3.01E+10 | 1.50E+11 | 1.06E+10 | 332E+10
Pd-103 450EH09 | 225E+10 | L.76E+0D | BSOEHD9 | 326E+08 | 1.63E+09 | 1.20E+08 | SOBE+D8 | 1.03E+08 | 5.14E+08 | 188E+08 | 940E+D8
Se-75 936E07 | 4.68E+08 | 951E+07 | 4.75E+08 | 287E+07 | 144E+08 | 1L.OTEHO8 | 536E+08 | 1.55E+07 | 7.76E+07 | 2.12E+07 | 1.06E+08
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Ist Yr. 50 Yr. 1st Y. 50 Yr. 1st Yr. 30 Yr. Ist Yr. SiEy, | Atk | SGm 1st Yr. 30 Yr.
-'I-—P':lt]lﬂ'fl}' Lung Lung Muscle Muscle Ovaries Ovaries Pancreas | Pancreas 3\3:':;“' }3::_::“_ Skin Skin
Calculations :‘(é"[t}:, 15{?}2 d :E}DE 153}}2. :;D_'E. *EUDE :E}D-E. 151}DE CDE. CDE, .-.%]:'.E. E{PE
50 rem 150 rem 50 rem 150 rem 50 rem 250 rem 50 rem 150 rem 50 feia 220 rem 50 rem 150 rem
Radisisotope Activity per Unit Area. nCi m™ =0.01 nCi m™
Am-241 32TEHD3 | 164E+04 | 2.93E+04 | 147E+HDS 3 56E+03 1.28E+04 | 293E+HM | 1L47E+H05 | 1.47EH)3 | 7.33E+03 | 2.93E+D4 | 147EH05
CE252 2B0E+03 | 140E+04 | 219E+06 | L.I0E+HD7 1 04E+04 069E+04 | 1.16E+06 | 5.81E+06 | 1.92E+05 | 9.62E03 | 3 44E+02 | 1.72EH5
Co-60 4 09E=06 | 2.05E+07 | 297E+07 | 1 48FE+08 2 2TEHOT 1.14E+08 | 2.16EH)7 | 1.0BE+08 | 2:82EH07 | 1.41E+08 | 422E+D7 | 2.11E08
Cs-137 2.58E+06 | 129E+07 | 231EH)7 | 1.16E+0B 2 05E+07 1.02E+08 | 2.03E+07 | 1.0ZE+D8 | 223E+07 | L11E+08 | 2.72E+07 | 1.36E+08
I-131 1 44E+08 | T.ASE+H0DS | 6. 41E+09 | 3.21E+10 2 61E+09 1.30E+10 | 1.41E+10 | 7.08E+10 | 8.20E+09 | 4.10E+10 | 123E+10 | 6.13E+10
Ir-192 112E+07 | 561E+HD7 | 1.20E+08 | 6.01E+D8 0 ATEHOT 4 73E+08 | 6.68E+H0T | 334E+08 | 1.00E+H08 | 5.43E-08 | 1.62E+08 | B.12E+08
Kr-85 N/A NA N/A N/A N/A N/A N/A N/A N/A N/A N/A NiA
Lu-177 5 29E+07 | 2.64E+0B | 1.77E+10 | 8.87E+1D T-94E+09 397E+10 | 1L.7IE+I0 | 8.56E+10 | 2.83EH08 | 1.42E+09 | 2.77EHIO | 1.38E+11
Ni-63 FORIE+07 | 396E+DE | 3.05E+D8 | 1.52E+D9 3.05E+08 1. 52E+09 | 3.05E+08 | 1.52E+09 | 3.05E+08 | 1.52E+09 | 3.05E+08 | 152E+09
raz 207E+07 | 1.03E+08 | 3.88E+08 | 1.94E+09 3.83E-08 1.94E+02 | 3.88E+08 | 1.94E+09 | 3.14E+07 | 1L.57E=08 | 3.88E+D8 | 1.94E+09
P-33 3 30E+07 | 1.65E+08 | 2.71E+09 35E+1D 2 71E+09 1.35E+10 | 2.TIE+09 | [.35E+10 | 4.99EH08 | 2.50E+09 | 2.71E+09 | 1.35E+10
§-35 34EHT | 1.72E+08 | 3.34E+09 | 1.67E+10 3.34E+09 1L.67E+10 | 334E+09 | 1.67E+10 | 3.34E+02 | 1.67E+10 | 3.34E+09 | 1.67E+10
TW-188 4 99E+06 | 2:50E+07 | 2.36E+09 | 1.18E+10 1 95E+09 9 77E+09 | 2.17E+09 | 1.09E+10 | 3.56E+08 | 1.78E+09 | 2.56E+09 | 12EE+10
Cd-109 3.66E+06 | 183E+07 | 6.44E+07 | 3.22E+08 7.04E=07 3.52E+08 | 5.67E+07 | 2.83E+08 | 7.60E+Q7 | 3.80E+08 | 7.60E+07 | 3.B0E=08
Fe-55 1.76E+08 | 380E+08 | 451E+08 | 2.26E+09 4 51E+08 2.26E+0% | 451E+H08 | 2.26E+09 | 341EH0T | 1L.71E+08 | 4.51E+H08 | 2.26E+H09
Gd-153 1L.08E+07 | 5.39E+07 | 2.71E+08 36E+H9 3 25E+HDE 1.13E+09 | 1.01E+H)& | 5.06E+08 | 2.07EH)7 | L.O3E+08 | 5.63E+D8 | 2 82EH09
I-125 3.03E+08 | 151E+09 | 547E+H09 | 2.7T4E+10 T23EH09 3.61E+10 | 268E+10 | 1.34E+11 | 227E+10 | 1.14E+11 | 2.12E+10 | 1.06E+11
Pd-103 625E+07 | 3.13EHIE | 212E+10 | 1.06E+11 7.01E+09 396E+10 | 238E+10 | 1.19E+11 | 1.11E+10 | 5.53E+10 | 4.36E+10 | 2.1BE+11
S5e-75 245E=07 | 123E+H08 | 137EH08 | 6:83E+HD3 1.05E+02 5.25E<08 | 442EH07 | 221E+02 | 1.18E+08 | 5.92E-08 | 223E+H08 | 1.12E —'L":Q(
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Nuclear Securit
Bseve | 50vr | lseve [ sowe | SOAT ] SOME ] oggv | sove | 1seve | sovn
4-Pathway Spleen Spleen Testes Testes | p_ "0 vu-s Feo h1'ﬂ:l:i_'§ Thyroid | Thyroid Uterus Uterus
Calculations CDE. CDE, CDE. CDE, i e CDE, CDE, CDE, CDE,
: : £ i S actEls CDE, CDE, 2 e B i
50l rem 2150 rem 50 rem 250 rem " e 50 rem 250 rem 50 rem 250 rem
50 rem 150 rem
Radioisotope Actvity per Unit Area, nCi m™ =0.01 nCi m™
Am-141 203E+H04 | 147E=05 | 2.59E+03 | 128E+HM 203EHM 147E+HDS | 293E+HD4 | 1 47E=05 | 293E+04 | 1 47E+HDS
CE252 266E+H06 | 1.33E+07 | 1.95E+04 | 977EHM 273EHMS 136E+07 | 3.08E+HD6 | 154E+07 | 2.64E+06 | 1.32E+H07
Co-60 268E+H07 | 1.34E=08 | 3.13E+07 | 1.57E+H08 2 8IEHYT 1A1E+H08 | 291E+HD7 | 145E+08 | 236E+07 | 1.18E+08
Cs-137 216E+H07 | L.OBE+08 | 231E+07 | 1.16E+08 221EHYT 1.L11E+08 | 223E+H07 | 1.12E+08 | 2.02E+07 | 1.01E+(8
I-131 1.68E+10 | B.39E+10 | 240E+10 | 1.20E+11 524E+H9 2H2E+10 | 223EH06 | 1.12E+07 | 5.63EH09 | 2.B2E+HIQ
Ir-192 1.73E+07 | 3.74E+07 | 1 44E+08 | 718E+02 125E+08 625E+08 | 1.32E+HDE | 6.61E+H)8 | 1.04E+08 | 521E+08
Kr-§5 NA NiA N/A N/A NA N/a NA N/A WA N/A
Lu-177 219E+10 | L10E+11 | 2.86E+10 | 1.43E+11 2.12E+H10 1.06E+11 | 2.12E+10 | 1.06E+11 | 1.26E+10 | 6.2BE+10
Ni-63 JOSEHD8 | 1.32E=09 | 3.05E+D8 | 1.52E+H0 3.05E+08 1.52E+H)9 O5E+H8 S2E+H)9 | 3.05E+08 | 1.57E+H0

P32 383E+DE | L194E+09 | 3.88E+03 | 194E+00 3. 85E+03 1.94E+09 B3E+HOS S4E+0Q B3E+08 | 1.94E+09

P33 2TEH9 | 1.35E+10 | 2.71EHDS | 133E+10 2.11E+ 135E+10 | 2.T1E+H9 35E+10 J1E+09 | L35E+10

8-3s 334E+H0 | L6TE+10 | 334E+00 | 1.67E+10 : f 1.67E+10 | 334EH0D BTE+10 34E+H09 | 1.67E+HLD

5.72EH)T | 2.86E+0E | 2. ; 128E+10 2035EAH : ; J3EH)T B6E+08 25E+09 | 1.13E+10

469E+H07 | 235E+08 | 7 =07 | 3.67E+08 T12E+H07 ; i C12EH)T S6E+08 | TO04E+07 | 3.52E+H08

1.52EH07 | 7.62E+07 S1E+ 2 26EA 4 51E+D8 5 : 431E+08 26E+09 S1E+H08 | 2.26EH09

3.75E+D8 | 1.88E=09 ATE+ 3.00E-+H03 1.99E+09 | 5.19E+H08 59E--09 JTE+08 | 1.89E+00

1.63E+10 | 8.17E+10 | 3.30E+10 | 1.65E+ 1.49E+10 TA4E+LD | 252E+HD6 26E+07 | 2.56E+10. | 1.28E+11

1.84E+10 | 92.19E+10 | 4.78E+10 | 2. ! 4 56E+10 228E+11 | 462E+H10 | 231E+11 | 3.92E+10 | 1.96E+11

496E+07 | 2.48E+08 | 1.28E+08 3 1.45E+08 T2TEHOR | 1.59E+08 | 796E+08 | 1.18E-08 | 5.90E+08




M lems  Official DRL Values for 4-Pathway Calculations i VA a3

Using 10 CFR 20 Worker Does Limits

4-Pathway Calculations

Following 10 CFR 20 Warker
Daose Limits !
DREL, nCi m':
Radioisotope | +0.01 nCim™
Am-241 5.00E+01
Cd-109 4 92E+05
Cf-252 1.53E+02 v
Co-60 236E+04 ’
Cs-137 3.27TE+04
Fe-35 1.24E+07
Gd-153 8.12E+05

I-125 2.52E+06
I-131 2.23E+06
Ir-192 2 3BE+0S
Kr-85 3.02E+06
Lu-177 1.61E+07
Ni-63 2 94E+07

P_12 4 32E+06
P-313 2 05E+07

Pd-103 2. 5TE+Q7
5-35 2.08E+07
3.58E+05
8. 96E+05
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SECTION 3: Characterization of the
determined radioisotopes of concern using
Dose Projection Modeling software

Power to Contaminate...

Once all official DRL's have been determined for each radionuclide of
concern using the EPA TEDE PAG levels or 10 CFR 20 Worker Dose
limits, the Power to Contaminate, or the maximum area affected by a
release of this radioactive material can be calculated.

. . oo .
~I'nis concept is usea py the Government Accountability Otfice (GAQO),
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SECTION 3: Characterization of the
fco using

determined radioisotop
Dose Projection Modelir

Power to Contaminate;,

Power to Contaminate = Maximum Radioisotope Activity

TEDE PAG DRL (Activity per Area)
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Maximum Activities for Radioisotopes of Concern FVi’ o
—for Use in Power to Contaminate Calculations

AMAXTAMTUM
SOURCE ACTIVITY FOR .
APPLICATION SOURCE " %mpf‘.x DETERMINED
RADIOISOTOPE (International APPLICATION,. Ci |~ SOURCE. Ci MAXTMTUM
Atomic Energy (International ; ACTIVITY. Ci
Agency. 2006) Abonie Ennrgey e,
Agency, 2006)
Am-241 Calibration 2 .00E+01 18 2.00E+01
Bone
Cd-109 Densitometry 2.00E-02 1 1.00E+00
Conveyer
Cf-252 Gange 3.70E-02 6.5 6.50E+00
Sterilization
Co-60 Irradiator 1.50E+07 14250 1.50E+07
Sterilization
Cs-137 Irradiator 3.00E+06 2200 5.00E+06
Fe-55 XRF Analyzer 1 40E-01 3 3.00E+00
| Bone
Gd-153 Densitometry 1.50E+00 3 J.00E+00
LUK
1-125 Brachvtherapy 4.00E-02 250 2.50E+02
Unsealed
I-131 Medical 2.00E-01 30 3.00E+01
Industrial
Ir-192 Radiography 2.00E+02 1000 1.00E+03
Thickness
Kr-85 Gauge 1.00E+00Q 30 3.00E+01
Lu-177 N/A N/A 80 8.00E+01
Electron
Capture
Ni-63 Detector 2.00E-02 2 2.00E+00
Unsealed
P-32 Medical 6.00E-01 1 1.00E+00
-33 N/A N/A 4300 4.30E+03
LDR
Pd-103 Brachytherapy 3.00E-02 15 1.50E+01
5-35 N/A N/A 1 1.00E+00
Industrial
Se-T75 Radiography 8.00E+01 150 1.50E+02
W-188 N/A N/A 3 5.00E+00

Nuclear Securil
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EPA TEDE PAG DRLs and Determined Max Activities

Radioisotope

Max. Activity
Source
Application /
Manufacturer

Maximum
Activity,
nCi

DRL.nCi m™
+0.01 nCi m™

Power to
Cnnﬁzlllillats;
m*+0.01 m*

Am-241

Calibration
Source
(International
Atomic
Energy
Agency, 2006)

2.00E+10

4. 00E+03

5.00E+06

> d

NTP. S. Africa

(Table 11)

1.00E+09

3.83E+08

2.61E+00

Cd-109

REVISS, UK
(Table 11)

1.00E+09

8.93E+05

1.12E+03

Cf-252

REVISS, UK
(Table 11)

6.50E+09

8§.93E+03

7.28E+05

QSA Global.
USA
(Table 11)

1.50E+11

1.49E+05

1.00E+06

Co-60

Stenlization
Trradiator
(International
Atomic
Energy
Apgency, 2006)

1.50E+16

3.50E+03

4.29E+12

W-188

NIDC ORNL.
USA
(Table 11)

5.00E+09

5.35E+05

9.35E+03

Sterilization
Irradiator
(International
Atomic
Energy
Agency, 2006)

5.00E+15

6.58E+03

7.60E+11

REVISS. UK
(Table 11)

3.00E+09

2.22E+08

1.35E+01

REVISS. UK
(Table 11)

3 00E+09

3.26E+05

9.22E+03

IZOTOP.
Hungary
(Table 11)

2.50E+11

2. 67E+06

9.35E+04

I-131

MDS Nordion.
Canada
(Table 11)

3.00E+10

1.75E+06

L.71E+04

Ir-192

NIDC ORNL.
usa
(Table 11)

1.00E+12

1.00E+03

1.00E+07

Kr-85

REVISS. UK
(Table 11)

3.00E+10

6.04E+05

4.97E+04

Lu-177

NIDC ORNL.
USA
(Table 11)

8.00E+10

2 40E+O07

3.33E+03

Ni-63

REVISS, UK
(Table 11)

2.00E+09

5.21E+08

3.84E+00

NTP. S_ Africa
(Table 11)

1.00E+09

431E+06

2.32E+02

U. of
Missoun.
UsA
(Table 11)

4.30E+12

4. 65E+08

9.24E+03

MDS Nordion.
Canada
(Table 11)

1.50E+10

3.58E+07

4.19E+02

L
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10 CFR 20 Worker Dose Limit DRLs and Determined Max Activities

Max. Activity :
Source © | Maximum DRL. uCim fanst s
Radioisotope . Activity, ' . 2 | Contaminate,
Application / Fid +0.01 nCi m iz :
nCi m-£0.01 m
Manufacturer
Calibration REVISS. UK
Source Kr-85 (Table 11) 3.00E+10 3.02E+06 9.94E+03
(Ime{n;moml NIDC ORNL,
Atomic Energy USA
Am-241 Agency. 2006) | 2.00E+10 2.21E+03 9.04E+06 Lu-177 (Table 11 8 00E+10 6.01E+07 1.33E+03
REVISS. UK REVISS, UK
Cd-109 (Table 11) 1.00E+09 4.11E+06 2.43E+02 Ni-63 (Table 11) 2 D0E-+09 1.30E+09 L.54E+00
REVISS. UK NTP. S. Africa
€252 (Table 11) 6.50E+H19 6.87E+03 9.46E+05 P-32 (Table 11) 1.00E+H09 1.08E+07 9.28E+01
Srerﬂ_r__zaticn U. of Missour1.
Irradiator USA
(Intemnational P-33 (Table 11) 430E+12 1.16E+09 3.70E+03
Atomic Energy MDS Nordion,
Co-60 Agency. 2006) | 1.50E+16 2 37E+04 6.34E+11 Canada
Sterﬂl_zancn Pd-103 (Table 11) 1. 50E+10 8.96E+07 1.67E+02
Irradiator NTP. 5. Africa
(Intemational 5-35 (Table 11) 1.00E+09 9.58E+08 1.04E+00
Atomuc Energy QSA Global.
Cs-137 Agency. 2006) | 5.00E+15 3.29E+04 132E+11 USA
REVISS. UK Se-75 (Table 11) 1.50E+11 3.74E+05 4.01E+05
Fe-35 (Table 11) 3.00E+09 5.56E+08 5.40E+00 NIDC ORNL.
REVISS. UK USA
Gd-153 (Table 11) 3.00E+H)9 9.80E+05 3.06E+03 W-188 (Table 11) 5.00E+09 1.34E+06 3.74E+03
IZOTOP,
Hungary (Table
L1235 11) 2.50E+11 6.68E+06 3.74E+04
MDS Nordion,
Canada
131 (Table 11) 3.00E+10 4.38E+06 6.85E+03
NIDC ORNL.
USA
(Table 11) 1.00E+12 2.50E+05 4.00E+06
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U. of Missouri, USA

P-33 (Table 11) 430E+12 4 13E+06 1.04E+06
MDS Nordion.
Canada
Pd-103 (Table 11) 1.50E+10 6. 78E+06 2.21E+03
NTP. S. Africa
5-35 (Table 11) 1.00E+09 4. 24E+06 2.36E+02
QSA Global. USA
Se-75 {(Table 11) 1.50E+11 1.43E+03 1.05E+06
NIDC ORNL. USA
W-188 (Table 11) 5.00E+09 3.58E+05 1.40E+04

Mazx. Activity Source | Maximum — Power to
Radioisotope Application / Activity, I;ORUL], :g :_; Cn_’ntamiu:ts,
Manufacturer nCi : m +0.01 m”
Calibration Source
(International Atomic
Am-241 Energy Agency, 2006) | 2.00E+10 4 539E+01 4.36E+08
REVISS, UK
Cd-109 (Table 11) 1 00E+09 2 44E+05 4.10E+03
REVISS. UK
Cf-252 (Table 11) 6.50E+09 1.20E+02 S543E+07
Sterilization Irradiator
(International Atomic
Co-60 Energy Agency, 2006) | 1.50E+16 3.50E+03 4.29E+12
Sterilization Irradiator
(International Atomc
Cs-137 Energy Agency. 2006) | 3.00E+15 6.54E+03 7.64E+11
REVISS, UK
Fe-35 (Table 11) 3.00E+09 2.33E+06 1.19E+03
REVISS, UK
Gd-153 (Table 11) 3 00E+09 3 25E+05 9.24E+03
IZOTOP, Hungary
I-125 (Table 11) 2 50E+11 1.01E+06 2 47EH05
MDS Nordion.
Canada
1-131 (Table 11) 3.00E+10 6.94E+05 4.32E+04
NIDC ORNL, UsA
Ir-192 (Table 11) 1. 00E+12 9 52E+04 1.05E+07
REVISS. UK
Kr-83 (Table 11) 3.00E+10 6.04E+035 4.97E+04
NIDC ORNL, USA
Lu-177 (Table 11) 8.00E+10 3 94E+06 2.03E+04
REVISS, UK
Ni-63 (Table 11) 2 00E+09 5.98E+06 3.34E+02
NTP. 5. Africa
(Table 11) 1.00E+09 1.29E+06 7.78E+02
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10 CFR 20 Worker Dose Limit DRLs and Determined Max Activities

Radiocisotope

Max. Activity
Source
Application /
Manufacturer

Maximum
Activity,
nCi

DRL.nCim’
£0.01 nCim’

]
2

Power to

Contaminate,

']Il: :l:ﬂ-nl m:

Am-241

Calbration
Source
(International

Atomic Energy

Agency, 2006)

2 00E+10

5.00E+01

4.00E+08

Cd-109

REVISS. UK
(Table 11)

1.00E+09

4.92E+05

2.03E+03

Cf-252

REVISS. UK
(Table 11)

6.50E+09

1.53E+02

4.24E+07

Co-60

Stenhization
Irradiator

(International

Atomic Energy

Apgency. 2006)

1. 50E+16

2.36E+04

Cs-137

Stenhization
Irradiator

(International

Atomic Energy

Apgency. 2006)

5 00E+15

3. 27E+04

REVISS. UK
(Table 11)

3.00E+09

1.24E+07

2 42E+02

REVISS. UK
(Table 11)

3 00E+09

8.12E+05

3.70E+03

I-125

IZOTOP,
Hungary
(Table 11)

2.50E+11

2.52E+H06

9.93E+04

1-131

MDS Nordion,
Canada

{Table 11)

3.00E+10

1.34E+04

Ir-192

NIDC ORNL.
USA
(Table 11)

1.0O0E+12

2.38E+05

4.20E+06

Kr-§5

REVISS. UK
(Table 11)

3 00E+10

3.02E+06

9.94E+03

Lu-177

NIDC ORNL.
USA
(Table 11)

§.00E+10

1.61E+07

4.96E+03

Ni-63

REVISS. UK
(Table 11)

2.00E+09

2 94E+07

6.81E+01

P-32

NTP. S. Africa
(Table 11)

1.00E+09

4.32E+06

2.32E+02

U. of Missourt.
USA
(Table 11)

4 30E+12

2.05E+07

2.10E+05

MDS Nordion.
Canada
(Table 11)

1.50E+10

ATEHDT

]
L

5.83E+02

NTP. S. Africa
(Table 11)

1 00E+09

2.08E+07

4.80E+01

QSA Global.
USA
(Table 11)

1 50E+11

3 58E+05

4.19E+05

NIDC ORNL.
USA
(Table 11)

3.00E+09

B.96E+03
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Final Comparisons

After the production of models and D-Value calculations, whole
body dose approximations and CEDE’s were calculated using the
determined radionuclides of concern and their corresponding
available activities to analyze the feasibility and effectiveness of
using 10 CFR 20 CEDE limits for emergency response criterion
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