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Dear Mrs. DeMarco:

The subject presentation is being submitted for programmatic review. This presentation
will be given by James Durham at a meeting of the Health Physics Society in Spokane,
Washington, July 10-14, 2005. The work discussed in this presentation was originally
performed by Dr. Durham prior to his employment at CNWRA; the work was performed
on behalf of the NRC Office of Nuclear Regulatory Research. Although this work was
not originally performed as part of CNWRA support of the NRC Division of High-Level
Waste Repository Safety (HLWRS), we believe the subject matter of the presentation
(e.g., approaches for correctly including radionuclides in dose assessment) is directly
relevant to the Biosphere Characteristics integrated subissue and the Methodology and
Overall System Performance components of the HLWRS program.

Dr. Durham's presentation focuses on the correct method for adding radionuclides to the
Varskin 3 radionuclide library. Varskin 3 is a recently-released update to a code that
calculates dose from skin contamination. One of the biggest improvements in the code
is the ability for the user to create a custom radionuclide library. The library contains
only the radionuclides chosen by the user and adding a radionuclide to the library does
not require knowledge of basic nuclear physics. For each radionuclide added to the
library, the user must choose the cutoff energy and yield (% emitted per disintegration);
decay paths for the chosen radionuclide that fail to exceed both criteria will not be
included in the library file for that radionuclide. Simply choosing the default values for
the minimum photon energy and yield can result in incorrect values because the
minimum energy for a dose calculation at one skin depth may not be appropriate at
another skin depth.
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Please advise me of the results of your programmatic review. If you have any questions
regarding this presentation, please contact me at 210-522-5185. Your cooperation in
this matter is appreciated.

Sincerely,

Sitakanta Mohanty
Assistant Director, Engineering and
Systems Assessment
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Purpose
* Discuss Rece'nt Changes in Varskin 3

: Redesign Interface in Version 3.0
* Corre6ct errors identified in Version 2.2

: DiscOuss the: Correct Method of Adding
Rad'i'o'nuclides to the Library

.New Options In Version 3.0
: Photon Minimuum Energy
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Vars kin 3

Calculates dose to skin from.
contamination. on skin or on a cover
material

Use's the Berger Point : Kernel.:

.Dose(x) = A4kXg~p(X I kE x47cpx2X9

* GUI -written in Visual Basic

Calculation engines written in Fortran
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Revised Opening Screen

Varskin 3

. Reflects new contact
.,inormation for the,
author: . 0.

Version 3.0.0
June 7, 2005

Developed for the US Nuclear Regulatory Commission

Dr. James Durham
Center for Nuclear Waste Regulatory Analyses

Southwest Research Institute
(210) 522-6934

jsdurham@cnwra.swri.edu
NRC Contact: Harriet Karaglannis

(301)415.6377, e-mail KXK~nrc.gov

Code web site: http:llwww.varskin3.colostate.edu

1 lckt Begin 6ckulationI
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Revisead User -Interface
77 1 C31 X[

File Edit V;:,iew Help,-'i- -

Radionuclide Library
Ac-227 . 'Activity Units
Ac-228
Ag-111 ;
Al-Z8, ..- ,; ... :
Am-245 kelecV
As-76 . , jt ir
At-217 L:ddJ
Au-198
Ba-128 FRmves
Ba-137m

F Use Distributed Source

-Special Optlons 7.-. .

Inlude Photon Dose

5 lPerfoirm Volume Averaging /4

P'IlOffset Partide Model l;' l14t

*,,>'Offset value: 1| cm ; ;'

-slab Source Irradiation Geom'etry
Skin Thickness or,

'SkiSn Density '
Thickness: . " ' 7

: Air Gap Thic&6ess: fl I O|
',Clothing'or~ Cover ''''

Thickness:
Clothing or Covers ,|00,'

X Side Length:

; Source Densy:;:4 4 - - i ,,*_f ;

Erp-dsure T60
File Operabtons __._._. _...

Calculate Doses End j

. SelectedA units are more obvious
* Default values and units have not changed
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a. I i .. .t ...Revisec us~r nte A'' ..-.. .~ . .- .~ '.

-Radionuclide Library :
Co-60 Activity Units
Cs-137

Sr-90

. b ib tAdd i. |

r Use Distributed Source

Special Op~ns^
t , >-i'tt.*.' .. "s'.

Fllniclude Photon Dose 7.1 '!-,'

*F rPerform Volume Averaging ':

; 60.f ' .A

File Operations

aI e dt C lc lat oe 7,>>,.,EdM~ff

*Se'lecdted. units are morek obvious
* Default values and units have not changed
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Source Geometry Options

* Choosefrom six source
geometry model s

. In put screenadjusts for
data entry

. 4n.ou.

* Poi~nt source +
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Source Geometry Options
Chose from six source c

~geometry models
. In put screen adjusts for

data entry :

* i,-disk.so..urce

8



Source Geometry Options
X~ . . % -7

*Choose from six source
geometry models

Input screen adjusts for :
data entry

; D: c' linder, source
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Source Geometry Options

Choose from ,six source
geometry models

. Input screen adjusts for
data, en try

ph e re 'so6urce
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Source Geometry :Opti-ons

Choose from six source
geometry models h

'Input screen adjusts for |
da'ta entry

.Slab source
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Source Geometry Options

* Choose from six source
-geometry models
' Input screen adjusts for
data: entry

~Syringe source

I. ... . ..
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Radionuclide Library

-Radionuclide Library ;
ICo-60 Activity Units

: Cs-137 r iSr°w - m ipISr-90
IY-90 1_ - I on I -

Library is' built
using "Add"
button It.,Remov::.

r Use Distributed Source
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Revised "Add Radionuclide"7
Screen… .-. -*-t - - 1 - -I - ---Mj=, j_,_.,.r- Ul7__M IA

11, r ' ' i ':''p'' ', , ; .,.' '. ,'.,i:7i .i~e. L. .:/. ;.. ,,,.:, q:: s -: 4'R eladi,;-nticlidei alalt Add~ ,,;,t. . ;., .,,<,-{i.!,..2;,g
t ,

**y.223 ..... g-i.0m .g .. Am-242 As-72 Au-195 Ba-135m Bi-206 E
c-224 Ag-iO9m Am-242m As-73 Au-195m Ba-137m Bi-207
c-225 Ag-i 10 Am-243 As-74 Au-198 Ba-139 Bi-210 E
c-226 Ag-i lim Am-244 As-76 Au-198m Ba-140 Bi-210m E

ic-227 Ag-ll l Am-244m As-77 Au-199 Ba-141 Bi-211 E
4c-228 Ag-1 12 Am-245 . As-78 Au-200 Ba-142 Bi-212 E
4g-102 Ag-1 15 Am-246 At-207 Au-200m Be-10 Bi-213 E

g-103 Al-26 Am-246m At-21 1 Au-201 Be-7 Bi-214 E
4g-104 Al-28 Ar-37 At-215 Ba-126 Bi-200 Bk-245
4g-104m Am-237 Ar-39 At-216 Ba-128 Bi-201 Bk-246 C
4g-105 Am-238 Ar-41 At-217 Ba-131 Bi-202 Bk-247 C
g-106 Am-239 As-69 At-218 Ba-131m Bi-203 Bk-249 C

Ag-106m Am-240 As-70 Au-193 Ba-133 Bi-204 Bk-250
.g-lOB Am-241 As-71 Au-194 Ba-133m Bi-205 Br-74 C

7 ec rnand ¾> Photton Minimum;
4: ' [F - '- :, 0. :f i :i. - V ... . ,

} A "i

.i ~ ~ ~ ~ k .'-;1, .; ;. : ! $ , 0.!' 4' X ,
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Revised. "Add dRadion'uclide"
Screen.

Minimum-energy and yield is chdosen for
photon; dose only : 0 15



How Varskin 3 Calculates
.-. Photon Dose

Specific Photon Dose Constant rad-cm-
mCi 1 h-1)

F1:9381 EPE Pen

1=1 Eltissue;
P.. is the probabilit f a, photon

having, an energy E (eV)
* (~e'PEI~isueis the mass~ energy absorption

coefficient in tis:sue m -l::
: n is the number of photons emie
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Seiic Photon Dos CntantpegCIG osorle onslai

*Assumes the photon source is a
point source

- -Point Source
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How; Varskin 3 Calculates
Photon Dose

. Average; Energy (MeV)

-Pi Ei
E-avg~

~~Pi

t e. r..... ..

* Dtermines to what extent electronic
equlibiumis established

.. uliru a ...............

18



Problems with the Minimurm
E nergy

:Ghoosing a low value of the cutoff
energy may include the cdose

contribuion fro phtons thatd'o
.conribut to t that de

* Inclu ing ph otons:;th at- cdo not :contrib utee
odoe at, a chosen depth. has two

effects
* The average energy is decreased

The Dspecific photon dose constant is
overestimated
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Electronic Equilibrium
100

80 Depth = 7mg/cm2
E
.0-

m 60

w

2: 40
0 )

20

20 -

0 500 1000 1500 2000 2500 3000

Average Energy (keV)

Calculated dose is multip lied b the
fraction that e ectronic equilbtrium. is
established
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Examrple: Photon Minimum
Energy

Specific Photon Dose Constant, F, as a
Function; of Minimum Energy for 57Co

M2
Minimum Energy (keV) F (rad-cm -mC(-' h

2 :14.98:X
0.. .1. .0

20 0.556;
100- 0.556

Published Value 0.9

*-Published value from Radiological
Health Hand ook
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Minimum Energy vs.. Depth
10000

1000

a.) 0

E1oo

c)

.I4-

aa 100
0
1-
U)

0 *
0
- 1 0

0

1

0 2 4 6 8 10 12 14

Photon Cutoff Energy (keV)

16 18 20

* Depth includes any cover materials plus skin density
thickess

* Includes' any photon that contributes 10% to dose
Shallow cdose minimum energy: 2 keV

*. Deep dose minimum energy: 13 keV 22



Limitations Imposed on Photon
Dose Model

* Maximum source dimension: 1 mm

* aximum air gap: 5 cm
No photo:n doose for syringe modeI,;- ..;, e... , 0 ........ ; ., . .
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Additional Changes to Varskin 3
* P. rintout error corrected

* Offset particle model activated
. Average -3 energy no longer

includes IC and Auger'' ectrons
' NUREG, docume'nt., and Help'file:

updated.. , id .
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Disclaimer
The activities presented here were
performed on behalf of the U.S. Nuclear
Regulatory Commission (NRC) Office of
Nuclear RegulatoryiResearch. The work

.: -:was pursued while the staff author was at
Colorado State: University. This:
presentation does not necessarily reflect
the view or regulatory position of the
NRC.::
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