VARSKIN
‘ ‘ Limitations
‘ David M. Hamby, PhD
Managing Partner
david.hamby@rcdsoftware.com

RENAISSANCE

CODE DEVELOPMENT School of Nuclear Science and Engineering

Oregon State University

Work supported by the U.S. Nuclear Regulatory Commission (NRC), Office of Nuclear Regulatory Research (RES), under contracts NRC-HQ-60-15-R-0017 and 31310018C0026.



A A RENAISSANCE
4. CODE DEVELOPMENT

Oregon State . . .
ety Corvallis, Austin, and Memphis

VB Varskin 6.1

File Help Language

-Source Geometry————————————— Radionuclide Library [Zeff] Iradiation Geomeiry

: B Activity Units Skin Thick Ski
OP ® h Be-7 [742] 107D - in Thickness or Skin
pes SR Be-7 [7.42] 38 Density Thickness

i C-14 [742] 38
ot S Cat? [742] 107 Air Gap Thickness (NN R
® Cylinder Ca-47[7.42] 107D

Ca-47[7.42] 38 Cover Thickness [N Lo

Ca-47 [7.42] 38D

Ce-144 [7.42] 107 Cover Density [N C . 2E
Ce-144 [7.42] 107D
Multiple Cover Calculator

Special Options Ce-144 [742] 38
Ce-144 [7.42] 38D
B Exclude Photon Dose Co-60 [25.5] 38

B Exclude Electron Dose
B Perform Volume Averaging

B Offset Particle Model Selected Radionuclides

Skin Averaging Area
0o

Exposure Time

60 Nmn BN  Edt § Remove [ RemoveAl

Calculate Doses




A A RENAISSANCE

4. CODEDEVELOPMENT

Oregon State Corvallis, Austin, and Memphis

Source Geometry

SR Seonety * Point, 2D disk, and 3D source configurations available
O Point ® Sphere

® Disk ® Siab * When selected, dimensions are requested in a separate
® Cylinder section of the input window

* Computational time is shortest for point sources and
increases with 2D and 3D geometries

* Volumetric sources implement point kernel calculations
for up to 3,375 source points (15 x 15 x 15)

* Point-source and 2D disk behavior is very well
characterized and is shown to be in good agreement
with other calculational methods*

* The code is weak (~50%) when considering an air-gap or
the source is on clothing or otherwise above the skin

*Anspach & Hamby. Performance of the VARSKIN 5 (V5.3) Electron Dosimetry Model. Radiation Protection Dosimetry. doi:10.1093/rpd/ncx302. January 2018. 3
*Dubeau et al. A Comparison of Beta Skin Doses Calculated with VARSKIN 5.3 and MCNP5. Radiation Protection Dosimetry. doi:10.1093/rpd/ncy108. July 2018.
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Special Options

* Photon dosimetry confirmed with MCNP5 simulation
* 10 keV to 3 MeV — VARSKIN 4

* Electron dosimetry confirmed w EGSnrc simulation
* 10 keV to 8 MeV, with 7.42 (H,0) <Z <92 (Pu) — VARSKIN 5

Special Options * accuracy decreases as depth reaches the CSDA range
B Exclude Photon Dose

e * VARSKIN always assumes air is above the source
B Perform Volume Averaging * caution: many works in the literature assume a water sphere

B Offset Particle Model

* Volume averaging is influenced by zero doses at depth

» Offset particle model available only for photon point
sources — used in the case of multiple overlapping sources
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Skin Averaging Area

* Area over which dose is averaged
* limited to areas between 0.01 cm?2 and 100 cm?

* Backscatter factors determine specifically for 1 cm?
and 10 cm?

* interpolated/extrapolated otherwise

Skin Averaging Area
10 B v

Electron Dose (pGy/el)

Photon Dose (pGy/nt)
o

=
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1 MeV Electrons Cylindrical Source

Source and Averaging Area (cm?)

Re-188 Photons Cylindrical Source

rce and Averaging Area (cm?)
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B Exclude Photon Dose Co-60 [2F5_ﬂ2133
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B Perform Volume Averaging

B Offset Particle Model Selected Radionuclides

Exposure time of 1 second
Skin Averaging Area and activity of 1 Bq provides

10 | _ dose per transition.

Exposure Time

Calculate Doses

"“can | romove || Remove
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%e@ A A RENAISSANCE
e 4. CODE DEVELOPMENT

0{;%3;_2{;& Corvallis, Austin, and Mempbhis
Radionuclide Library
1.00 —
. . Radionuclide Library [Zeff] 0.95
* Monoenergetic partlcles [Be7[742] 107D Y Activity Units
+ photons: 1 keV to 3 MeV Be-7 [7.42] 38 ; 090
C-14 [7.42] 38 .
* electrons: 1 keV to 8 MeV Ca-47 [7.42] 107 L
_ Ca-47 [7.42] 107D = 0.0
* Four options Ca47[7.42] 38 2
Ca-47 [7.42] 38D
+ 38/38D/107/107D i 075 |f
. . . Ce-144 [7.42] 107D 070 ||
« (D) includes branching ratios [l ce j4a 5_42=38 R | —sr
greater than 1% Ce-144 [7.42] 38D 065 | :;
Co-60 [25.5] 38 -
* All progeny (D) are assumed 0 0o 04 06 . .
to be in equilibrium with the Skin Depth (cm)

parent |
* “No Decay” dose option is provided for the situation of secular equilibrium, for example 137Cs/13’MBa

* When considering progeny (D), the resulting SADD is a conglomerate of parent/daughter
distributions, and the resulting X,,, backscatter factors, etc. may introduce differences in dose

* Prominent differences (°°Sr/Y) in dose, however, are less than a few percent
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11410 Electron Emission Data

. . . . %
Greatest change in inhalation dose Electron Data

* For a 1*%In point source, shallow electron « ICRP 38
dose increases in VARSKIN by more than 4x
from ICRP 38 to 107

* |CRP 38 electron dose = 97.8 pGy/nt

* Avg E=0.233 MeV
* Xg0=0.083 cm

* |CRP 107 electron dose = 434 pGy/nt ICRP 107
) _ _ * Avg E=0.778 MeV
* There’s a great deal of change noticed in the « Xy =0.432 cm

dose distribution and the backscatter
correction factors

e Databases indicate no photons

*Manabe, K.; Endo, A.; Eckerman, K.F. Impact of the New Nuclear Decay Data of ICRP 107 ... Radiation Protection Dosimetry. 138(3):245-250. 2010.
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114In VARSKIN SADD & BSCFs

Specific Absorbed Dose Distribution Backscatter Correction Factors
VARSKIN 14In SADD VARSKIN 114In Air BSCF for 1 cm?
1.4 1.2
e ——ICRP 38 1 ///—
i ——ICRP 107
0.8
) /
S % 05
106 =
0.4
0.4 ——ICRP 38
—ICRP 107
0.2 0.2
0 0
0.0 0.2 04 0.6 0.8 1.0 0.00 0.05 0.10 0.15 0.20 0.25

Relative Range (X/Xg0) Relative Range (X/Xqq)
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Selected Radionuclides

* Radionuclides are “selected” for the exposure scenario
* they appear in this window

* The user can select a maximum of 20 nuclides per scenario
* A portion of Example #4 from the NUREG follows ...

* to show how the (D)aughter nuclides are handled

Selected Radionuclides
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144Ce Contamination Source

285 days)

* 2D disk source of 144Ce on the skin Qu=318.7 keV

144p,
o 144Ce and its progeny, 144Pr,
transition through 3~ decay . ,
: TI
* The metastable state, **™Pr, occurs Q=29975kev)| | 2183keV
in about 2% of transitions (97.9%) ;07

* Branching ratios for each possibility 696

are considered individually and for
the cumulative dose calculation



A A RENAISSANCE
4, CODEDEVELOPMENT

Corvallis, Austin, and Memphis

ICRP 38 Electron Emissions from 14*Ce/Pr

w HL (hrs) Yield (%) | Avg Energy (MeV) | Electron X90 (cm)
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“ |CRP 38 Photon Emissions from 144Ce/Pr

Manual Automatic

m Yield (%) Energy (MeV) m Yield (%) Energy (MeV)
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ICRP 38 VARSKIN 6 Dose Results

Branching Electron Dose | Photon Dose
(pGy/nt) (pGy/nt)

e | o
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Irradiation Geometry

Iradiation Geometry —m—
Skin Thickness or Skin m
Density Thickness
Air Gap Thickness [N 2R

* Original intention is to estimate shallow

skin dose (@ 7 mg/cm?) o fom
Cover Thickness

* Max source-to-skin distance (20 cm) — )

* Air-gap model has been shown to be
unstable; these features should be used
with caution , Rume

« Cover materials assumed to be either latex source _) i
(p <= 1.25 g/cm3) or cotton (p > 1.25 g/cm3)  _... . | e

* Covers without an air-gap shown to be
moderately acceptable sidn
* since no significant break in buildup

{ Dose area at the skin depth level

20
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Skin Averaging Area
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Volumetric Source Geometry

* Photon dosimetry — 3D sources modeled as air
e can be influential for source dimensions > 1 mm

* Electron dosimetry — 3D sources default as water

* can be influential for energies less than a few hundred keV
* ...and dimensions > 1 micron
* consider changing effective Z (default = 7.42)

* Not intended for large dimensions Volumetric Source
* no more than ~1 mm for 3D source dimensions Geometry Specification
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3D S Di ' d Shallow D
Electron Shallow Dose: Spherical Water Source Photon Shallow Dose: Spherical Air Source
1.E+02 1.E+01
. :
[ ]
1.E+01
1.E+00 _ . | - | L e e
S 1.E+00 - 4 .
o 5
9 1e01* <
g s ¢
G) (U]
a Z
5 1.E-02 v
3 “ 8 1e01 $
1.E-03
1.E-04 —e—5keV 10keV —e—50keV —e—100keV
—o—50keV —@—65keV —e—80keV —o—100keV
—e—300 keV 1MeV —e—5MeV —e—8 MeaV —8—500 keV —8—1 MeV —e—2MeV —8—3 MeV
1.E-05 1.E-02
Point 1.E-01 1.E+00 1.E+01 1.E+02 1.E+03 1.E+04 Point 1.E-01 1.E+00 1.E+01 1.E+02 1.E+03 1.E+04

Sphere Diameter (um) Sphere Diameter (um)
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Recent Contamination Event #1

Flourine-18
* PET mishap results in fluorodeoxyglucose (FDG) contamination on patient’s shirt

V6.1 assumptions: 15 mCi 18F; 2-hr exposure; 100 cm? disk source; shirt 0.04 cm
thickness, 0.9 g/cm3 density (from NUREG); ICRP 38 database; 10 cm? averaging

7.7 Gy skin dose — if shirt is ‘source’ (96% from positrons)
* 3.6 Gy —if shirtis ‘cover’
* 13 Gy —if directly on skin
e ICRP 107 results are 3% lower

patient allowed to visit cafeteria with FDG on their shirt
medical facility estimated dose of 2.8 Gy “with great uncertainty”
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Recent Contamination Event #2

lodine-131

* infusion procedure mishap resulting in
metaiodobenzylguanidine (MIBG) skin
contamination ‘over the weekend’

* V6.1 assumptions: 420 mCi 131; 48-hr
exposure; 15 cm? disk source; directly on
the skin; ICRP 38; 10 cm? avg

* 62 kGy skin dose (99% from electrons)

* ICRP 107 results are the same

* patient developed erythematous lesions

and grade 3 desquamation w/in 3 days

Total Dose (kGy)
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Shallow Skin Dose from 31| Exposure

5 10

15
Source Area (cm?)

20
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Unusual VARSKIN Usage

* 18F PET radiotracer sprayed into the nose
» “fallypride” administered in this fashion to bypass the
blood-brain barrier, thus traveling directly to the brain
* What is dose to the nasal cavity? MCNP6 Depth Dose

18F |ining the nasal cavity
 VARSKIN simplest case:

* 150 cm? nasal-cavity surface laid flat
* dose at 10 um averaged over 10 cm?
* 0.76 nGy/sec per Bg/cm?

* 99% from positrons

e MCNP dose-rate factor

* varying internal radii; dose at 10 um
e 21 nGy/SeC per Bq/cmz 0 10 20 30 40 50 60 70

Tissue Depth (microns)

/4

Geometry Factor = 2.5

2.0

15

Dose Rate Factor (nGy cm?s™ Bg?)

—0.25cm ——0.5cm 1.0cm 1.5ecm
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