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Skin Dose Calculations

Problem Description

Contaminated Area

Clothing

Air gap

4

Dose Assessment Area
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History of VARSKIN (Hamby)

VARSKIN (Traub et al, 1987)

VARSKIN Mod 2, SADDE Mod 2 (Durham, 1992)
DOSESKIN, YSADDE (Chase et al, 2004)
VARSKIN 3, 3.1 (Durham, 2006)

VARSKIN 4 (Hamby et al, 2011 [NUREG/CR-6918, Rev
1])

VARSKIN 5.3 (Hamby et al, 2014 [NUREG/CR-6918,
Rev 2])

VARSKIN 6 (Hamby et al, 2017 [NUREG/CR-6918, Rev
3])
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Essentials of Modeling, Modeling Software

Attempts to model physical reality, provide insight
Accurate

Generally applicable; covers full/wide range of scenarios

Limitations known

Really complicated models, transitions
Adequate numerical methods, precision
Easy to use

Tested and reviewed

Compared to other models or measurements
Fast

Works “as advertised”
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Features of VARSKIN Mod 2

Point, 2D disk, 3D disk, sphere and slab

Models presence of materials between source and
target

Backscatter correction for point and 2D disk
Gamma dose calculation

Doseto 1 cm?at 7 mg cm

Dose at other depths, and over other areas

Volume averaging
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Reasons to Use VARSKIN Mod 2

Easy to use

Flexible, models different shapes of particles,
multiple layers of protective clothing, air gaps, etc.

Fast
Wide range of radionuclides
Check of other calculations and measurements

“Extensively peer-reviewed and validated”
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How does VARSKIN Mod 2 Work

Berger point kernel

Scaled Absorbed Dose Distribution

Xqo Distance

Numerical integration in 3 dimensions
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Berger Point Kernel

KE,Y Fy(r,/Xgp)

B(r) =
" AT Pr % X o,
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Xqo Distance
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Scaled Absorbed Dose Distribution

Scaled Absorbed Dose Distribution in Water
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Figure 5.1
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Figure 5.2
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Dose Rate vs. Radial Distance
1 mCi Co-60 Point Source (Radius = 1 mm)
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Figure 5.3
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Figure 5.4
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Figure 5.5
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Radial Co-60

		Dose Rate as a function of radial distance								Co-60		No air or clothing				Density = 0.001

		Skin Depth				Dist		0.01		Dist		1		Dist		3		Dist		5		Dist		7		Dist		10		Dist		20		Dist		30		Dist		40		Dist		50		Dist		54		Dist		58

						-0.5642		3.79E-03		-0.064		0.00E+00		-0.0601		0.00E+00		-0.0592		0.00E+00		-0.0586		0.00E+00		-0.0579		0.00E+00		-0.055		0.00E+00		-0.0501		0.00E+00		-0.0424		0.00E+00		-0.0298		0.00E+00		-0.0217		0.00E+00		-0.0041		0.00E+00				-640		-586		-550		-298		-601		-592

						-0.52		1.06E-02		-0.059		2.03E+00		-0.0554		3.50E+00		-0.0545		3.94E+00		-0.054		4.27E+00		-0.0534		4.65E+00		-0.0507		4.64E+00		-0.0461		4.13E+00		-0.0391		3.49E+00		-0.0275		2.81E+00		-0.02		2.55E+00		-0.0038		2.31E+00				-590		-540		-507		-275		-554		-545

						-0.4775		2.51E-02		-0.0542		5.16E+00		-0.0509		7.68E+00		-0.0501		8.54E+00		-0.0496		9.15E+00		-0.049		9.83E+00		-0.0465		9.13E+00		-0.0424		7.26E+00		-0.0359		5.22E+00		-0.0252		3.42E+00		-0.0184		2.82E+00		-0.0035		2.32E+00				-542		-496		-465		-252		-509		-501

						-0.4369		5.02E-02		-0.0496		1.07E+01		-0.0465		1.52E+01		-0.0458		1.67E+01		-0.0454		1.78E+01		-0.0449		1.88E+01		-0.0426		1.65E+01		-0.0388		1.19E+01		-0.0328		7.45E+00		-0.0231		4.07E+00		-0.0168		3.09E+00		-0.0032		2.32E+00				-496		-454		-426		-231		-465		-458

						-0.3981		9.83E-02		-0.0452		2.01E+01		-0.0424		2.78E+01		-0.0418		3.02E+01		-0.0414		3.19E+01		-0.0409		3.34E+01		-0.0388		2.75E+01		-0.0353		1.82E+01		-0.0299		1.01E+01		-0.021		4.74E+00		-0.0153		3.34E+00		-0.0029		2.33E+00				-452		-414		-388		-210		-424		-418

						-0.3611		1.78E-01		-0.041		3.57E+01		-0.0385		4.82E+01		-0.0379		5.20E+01		-0.0375		5.45E+01		-0.0371		5.64E+01		-0.0352		4.35E+01		-0.032		2.63E+01		-0.0271		1.32E+01		-0.0191		5.41E+00		-0.0139		3.58E+00		-0.0026		2.33E+00				-410		-375		-352		-191		-385		-379

						-0.3259		3.14E-01		-0.037		6.04E+01		-0.0347		7.96E+01		-0.0342		8.52E+01		-0.0339		8.86E+01		-0.0335		9.06E+01		-0.0317		6.59E+01		-0.0289		3.64E+01		-0.0245		1.66E+01		-0.0172		6.07E+00		-0.0125		3.80E+00		-0.0024		2.34E+00				-370		-339		-317		-172		-347		-342

						-0.2925		5.48E-01		-0.0332		9.96E+01		-0.0312		1.30E+02		-0.0307		1.38E+02		-0.0304		1.43E+02		-0.03		1.43E+02		-0.0285		9.52E+01		-0.026		4.84E+01		-0.022		2.02E+01		-0.0155		6.69E+00		-0.0112		4.00E+00		-0.0021		2.34E+00				-332		-304		-285		-155		-312		-307

						-0.2609		9.26E-01		-0.0296		1.61E+02		-0.0278		2.06E+02		-0.0274		2.17E+02		-0.0271		2.21E+02		-0.0268		2.19E+02		-0.0254		1.33E+02		-0.0232		6.23E+01		-0.0196		2.38E+01		-0.0138		7.27E+00		-0.01		4.18E+00		-0.0019		2.35E+00				-296		-271		-254		-138		-278		-274

						-0.2311		1.55E+00		-0.0262		2.52E+02		-0.0246		3.17E+02		-0.0242		3.31E+02		-0.024		3.35E+02		-0.0237		3.25E+02		-0.0225		1.84E+02		-0.0205		7.73E+01		-0.0174		2.74E+01		-0.0122		7.79E+00		-0.0089		4.34E+00		-0.0017		2.35E+00				-262		-240		-225		-122		-246		-242

						-0.2031		2.58E+00		-0.0231		3.93E+02		-0.0216		4.92E+02		-0.0213		5.07E+02		-0.0211		5.02E+02		-0.0209		4.69E+02		-0.0198		2.41E+02		-0.018		9.25E+01		-0.0153		3.07E+01		-0.0107		8.25E+00		-0.0078		4.47E+00		-0.0015		2.35E+00				-231		-211		-198		-107		-216		-213

						-0.1769		4.31E+00		-0.0201		6.20E+02		-0.0188		7.64E+02		-0.0186		7.76E+02		-0.0184		7.56E+02		-0.0182		6.84E+02		-0.0172		3.07E+02		-0.0157		1.08E+02		-0.0133		3.38E+01		-0.0094		8.65E+00		-0.0068		4.58E+00		-0.0013		2.35E+00				-201		-184		-172		-94		-188		-186

						-0.1526		7.18E+00		-0.0173		9.79E+02		-0.0162		1.19E+03		-0.016		1.18E+03		-0.0159		1.12E+03		-0.0157		9.70E+02		-0.0149		3.78E+02		-0.0135		1.23E+02		-0.0115		3.66E+01		-0.0081		8.98E+00		-0.0059		4.67E+00		-0.0011		2.36E+00				-173		-159		-149		-81		-162		-160

						-0.13		1.21E+01		-0.0148		1.55E+03		-0.0138		1.84E+03		-0.0136		1.79E+03		-0.0135		1.65E+03		-0.0134		1.35E+03		-0.0127		4.49E+02		-0.0115		1.37E+02		-0.0098		3.89E+01		-0.0069		9.26E+00		-0.005		4.75E+00		-0.001		2.36E+00				-148		-135		-127		-69		-138		-136

						-0.1092		2.07E+01		-0.0124		2.48E+03		-0.0116		2.88E+03		-0.0115		2.70E+03		-0.0114		2.38E+03		-0.0112		1.83E+03		-0.0106		5.22E+02		-0.0097		1.50E+02		-0.0082		4.09E+01		-0.0058		9.47E+00		-0.0042		4.81E+00		-0.0008		2.36E+00				-124		-114		-106		-58		-116		-115

						-0.0903		3.60E+01		-0.0102		4.02E+03		-0.0096		4.52E+03		-0.0095		4.03E+03		-0.0094		3.38E+03		-0.0093		2.40E+03		-0.0088		5.93E+02		-0.008		1.60E+02		-0.0068		4.24E+01		-0.0048		9.64E+00		-0.0035		4.85E+00		-0.0007		2.36E+00				-102		-94		-88		-48		-96		-95

						-0.0731		6.48E+01		-0.0083		6.84E+03		-0.0078		7.30E+03		-0.0077		6.00E+03		-0.0076		4.63E+03		-0.0075		3.04E+03		-0.0071		6.55E+02		-0.0065		1.69E+02		-0.0055		4.36E+01		-0.0039		9.77E+00		-0.0028		4.89E+00		-0.0005		2.36E+00				-83		-76		-71		-39		-78		-77

						-0.0578		1.22E+02		-0.0066		1.20E+04		-0.0062		1.19E+04		-0.0061		8.84E+03		-0.006		6.17E+03		-0.0059		3.68E+03		-0.0056		7.05E+02		-0.0051		1.75E+02		-0.0043		4.45E+01		-0.0031		9.87E+00		-0.0022		4.91E+00		-0.0004		2.36E+00				-66		-60		-56		-31		-62		-61

						-0.0442		2.40E+02		-0.005		2.19E+04		-0.0047		1.92E+04		-0.0046		1.25E+04		-0.0046		7.89E+03		-0.0045		4.26E+03		-0.0043		7.41E+02		-0.0039		1.80E+02		-0.0033		4.52E+01		-0.0023		9.93E+00		-0.0017		4.93E+00		-0.0003		2.36E+00				-50		-46		-43		-23		-47		-46

						-0.0325		5.06E+02		-0.0037		4.19E+04		-0.0035		3.00E+04		-0.0034		1.66E+04		-0.0034		9.51E+03		-0.0033		4.72E+03		-0.0032		7.67E+02		-0.0029		1.83E+02		-0.0024		4.56E+01		-0.0017		9.97E+00		-0.0012		4.94E+00		-0.0002		2.36E+00				-37		-34		-32		-17		-35		-34

						-0.0226		1.17E+03		-0.0026		8.47E+04		-0.0024		4.40E+04		-0.0024		2.03E+04		-0.0023		1.08E+04		-0.0023		5.05E+03		-0.0022		7.83E+02		-0.002		1.85E+02		-0.0017		4.58E+01		-0.0012		1.00E+01		-0.0009		4.95E+00		-0.0002		2.36E+00				-26		-23		-22		-12		-24		-24

						-0.0144		3.14E+03		-0.0016		1.78E+05		-0.0015		5.82E+04		-0.0015		2.32E+04		-0.0015		1.16E+04		-0.0015		5.24E+03		-0.0014		7.91E+02		-0.0013		1.86E+02		-0.0011		4.60E+01		-0.0008		1.00E+01		-0.0006		4.95E+00		-0.0001		2.36E+00				-16		-15		-14		-8		-15		-15

						-0.0081		1.07E+04		-0.0009		3.53E+05		-0.0009		6.84E+04		-0.0009		2.48E+04		-0.0008		1.21E+04		-0.0008		5.34E+03		-0.0008		7.96E+02		-0.0007		1.86E+02		-0.0006		4.60E+01		-0.0004		1.00E+01		-0.0003		4.95E+00		-0.0001		2.36E+00				-9		-8		-8		-4		-9		-9

						-0.0036		5.68E+04		-0.0004		5.49E+05		-0.0004		7.31E+04		-0.0004		2.54E+04		-0.0004		1.22E+04		-0.0004		5.38E+03		-0.0004		7.97E+02		-0.0003		1.86E+02		-0.0003		4.60E+01		-0.0002		1.00E+01		-0.0001		4.95E+00		0		2.36E+00				-4		-4		-4		-2		-4		-4

						-0.0009		9.37E+05		-0.0001		6.28E+05		-0.0001		7.42E+04		-0.0001		2.55E+04		-0.0001		1.23E+04		-0.0001		5.39E+03		-0.0001		7.98E+02		-0.0001		1.86E+02		-0.0001		4.60E+01		0		1.00E+01		0		4.95E+00		0		2.36E+00				-1		-1		-1		0		-1		-1

						0		1.07E+08		0		6.34E+05		0		7.43E+04		0		2.56E+04		0		1.23E+04		0		5.39E+03		0		7.98E+02		0		1.86E+02		0		4.60E+01		0		1.00E+01		0		4.95E+00		0		2.36E+00				0		0		0		0		0		0

						0.0009		9.37E+05		0.0001		6.28E+05		0.0001		7.42E+04		0.0001		2.55E+04		0.0001		1.23E+04		0.0001		5.39E+03		0.0001		7.98E+02		0.0001		1.86E+02		0.0001		4.60E+01		0		1.00E+01		0		4.95E+00		0		2.36E+00				1		1		1		0		1		1

						0.0036		5.68E+04		0.0004		5.49E+05		0.0004		7.31E+04		0.0004		2.54E+04		0.0004		1.22E+04		0.0004		5.38E+03		0.0004		7.97E+02		0.0003		1.86E+02		0.0003		4.60E+01		0.0002		1.00E+01		0.0001		4.95E+00		0		2.36E+00				4		4		4		2		4		4

						0.0081		1.07E+04		0.0009		3.53E+05		0.0009		6.84E+04		0.0009		2.48E+04		0.0008		1.21E+04		0.0008		5.34E+03		0.0008		7.96E+02		0.0007		1.86E+02		0.0006		4.60E+01		0.0004		1.00E+01		0.0003		4.95E+00		0.0001		2.36E+00				9		8		8		4		9		9

						0.0144		3.14E+03		0.0016		1.78E+05		0.0015		5.82E+04		0.0015		2.32E+04		0.0015		1.16E+04		0.0015		5.24E+03		0.0014		7.91E+02		0.0013		1.86E+02		0.0011		4.60E+01		0.0008		1.00E+01		0.0006		4.95E+00		0.0001		2.36E+00				16		15		14		8		15		15

						0.0226		1.17E+03		0.0026		8.47E+04		0.0024		4.40E+04		0.0024		2.03E+04		0.0023		1.08E+04		0.0023		5.05E+03		0.0022		7.83E+02		0.002		1.85E+02		0.0017		4.58E+01		0.0012		1.00E+01		0.0009		4.95E+00		0.0002		2.36E+00				26		23		22		12		24		24

						0.0325		5.06E+02		0.0037		4.19E+04		0.0035		3.00E+04		0.0034		1.66E+04		0.0034		9.51E+03		0.0033		4.72E+03		0.0032		7.67E+02		0.0029		1.83E+02		0.0024		4.56E+01		0.0017		9.97E+00		0.0012		4.94E+00		0.0002		2.36E+00				37		34		32		17		35		34

						0.0442		2.40E+02		0.005		2.19E+04		0.0047		1.92E+04		0.0046		1.25E+04		0.0046		7.89E+03		0.0045		4.26E+03		0.0043		7.41E+02		0.0039		1.80E+02		0.0033		4.52E+01		0.0023		9.93E+00		0.0017		4.93E+00		0.0003		2.36E+00				50		46		43		23		47		46

						0.0578		1.22E+02		0.0066		1.20E+04		0.0062		1.19E+04		0.0061		8.84E+03		0.006		6.17E+03		0.0059		3.68E+03		0.0056		7.05E+02		0.0051		1.75E+02		0.0043		4.45E+01		0.0031		9.87E+00		0.0022		4.91E+00		0.0004		2.36E+00				66		60		56		31		62		61

						0.0731		6.48E+01		0.0083		6.84E+03		0.0078		7.30E+03		0.0077		6.00E+03		0.0076		4.63E+03		0.0075		3.04E+03		0.0071		6.55E+02		0.0065		1.69E+02		0.0055		4.36E+01		0.0039		9.77E+00		0.0028		4.89E+00		0.0005		2.36E+00				83		76		71		39		78		77

						0.0903		3.60E+01		0.0102		4.02E+03		0.0096		4.52E+03		0.0095		4.03E+03		0.0094		3.38E+03		0.0093		2.40E+03		0.0088		5.93E+02		0.008		1.60E+02		0.0068		4.24E+01		0.0048		9.64E+00		0.0035		4.85E+00		0.0007		2.36E+00				102		94		88		48		96		95

						0.1092		2.07E+01		0.0124		2.48E+03		0.0116		2.88E+03		0.0115		2.70E+03		0.0114		2.38E+03		0.0112		1.83E+03		0.0106		5.22E+02		0.0097		1.50E+02		0.0082		4.09E+01		0.0058		9.47E+00		0.0042		4.81E+00		0.0008		2.36E+00				124		114		106		58		116		115

						0.13		1.21E+01		0.0148		1.55E+03		0.0138		1.84E+03		0.0136		1.79E+03		0.0135		1.65E+03		0.0134		1.35E+03		0.0127		4.49E+02		0.0115		1.37E+02		0.0098		3.89E+01		0.0069		9.26E+00		0.005		4.75E+00		0.001		2.36E+00				148		135		127		69		138		136

						0.1526		7.18E+00		0.0173		9.79E+02		0.0162		1.19E+03		0.016		1.18E+03		0.0159		1.12E+03		0.0157		9.70E+02		0.0149		3.78E+02		0.0135		1.23E+02		0.0115		3.66E+01		0.0081		8.98E+00		0.0059		4.67E+00		0.0011		2.36E+00				173		159		149		81		162		160

						0.1769		4.31E+00		0.0201		6.20E+02		0.0188		7.64E+02		0.0186		7.76E+02		0.0184		7.56E+02		0.0182		6.84E+02		0.0172		3.07E+02		0.0157		1.08E+02		0.0133		3.38E+01		0.0094		8.65E+00		0.0068		4.58E+00		0.0013		2.35E+00				201		184		172		94		188		186

						0.2031		2.58E+00		0.0231		3.93E+02		0.0216		4.92E+02		0.0213		5.07E+02		0.0211		5.02E+02		0.0209		4.69E+02		0.0198		2.41E+02		0.018		9.25E+01		0.0153		3.07E+01		0.0107		8.25E+00		0.0078		4.47E+00		0.0015		2.35E+00				231		211		198		107		216		213

						0.2311		1.55E+00		0.0262		2.52E+02		0.0246		3.17E+02		0.0242		3.31E+02		0.024		3.35E+02		0.0237		3.25E+02		0.0225		1.84E+02		0.0205		7.73E+01		0.0174		2.74E+01		0.0122		7.79E+00		0.0089		4.34E+00		0.0017		2.35E+00				262		240		225		122		246		242

						0.2609		9.26E-01		0.0296		1.61E+02		0.0278		2.06E+02		0.0274		2.17E+02		0.0271		2.21E+02		0.0268		2.19E+02		0.0254		1.33E+02		0.0232		6.23E+01		0.0196		2.38E+01		0.0138		7.27E+00		0.01		4.18E+00		0.0019		2.35E+00				296		271		254		138		278		274

						0.2925		5.48E-01		0.0332		9.96E+01		0.0312		1.30E+02		0.0307		1.38E+02		0.0304		1.43E+02		0.03		1.43E+02		0.0285		9.52E+01		0.026		4.84E+01		0.022		2.02E+01		0.0155		6.69E+00		0.0112		4.00E+00		0.0021		2.34E+00				332		304		285		155		312		307

						0.3259		3.14E-01		0.037		6.04E+01		0.0347		7.96E+01		0.0342		8.52E+01		0.0339		8.86E+01		0.0335		9.06E+01		0.0317		6.59E+01		0.0289		3.64E+01		0.0245		1.66E+01		0.0172		6.07E+00		0.0125		3.80E+00		0.0024		2.34E+00				370		339		317		172		347		342

						0.3611		1.78E-01		0.041		3.57E+01		0.0385		4.82E+01		0.0379		5.20E+01		0.0375		5.45E+01		0.0371		5.64E+01		0.0352		4.35E+01		0.032		2.63E+01		0.0271		1.32E+01		0.0191		5.41E+00		0.0139		3.58E+00		0.0026		2.33E+00				410		375		352		191		385		379

						0.3981		9.83E-02		0.0452		2.01E+01		0.0424		2.78E+01		0.0418		3.02E+01		0.0414		3.19E+01		0.0409		3.34E+01		0.0388		2.75E+01		0.0353		1.82E+01		0.0299		1.01E+01		0.021		4.74E+00		0.0153		3.34E+00		0.0029		2.33E+00				452		414		388		210		424		418

						0.4369		5.02E-02		0.0496		1.07E+01		0.0465		1.52E+01		0.0458		1.67E+01		0.0454		1.78E+01		0.0449		1.88E+01		0.0426		1.65E+01		0.0388		1.19E+01		0.0328		7.45E+00		0.0231		4.07E+00		0.0168		3.09E+00		0.0032		2.32E+00				496		454		426		231		465		458

						0.4775		2.51E-02		0.0542		5.16E+00		0.0509		7.68E+00		0.0501		8.54E+00		0.0496		9.15E+00		0.049		9.83E+00		0.0465		9.13E+00		0.0424		7.26E+00		0.0359		5.22E+00		0.0252		3.42E+00		0.0184		2.82E+00		0.0035		2.32E+00				542		496		465		252		509		501

						0.52		1.06E-02		0.059		2.03E+00		0.0554		3.50E+00		0.0545		3.94E+00		0.054		4.27E+00		0.0534		4.65E+00		0.0507		4.64E+00		0.0461		4.13E+00		0.0391		3.49E+00		0.0275		2.81E+00		0.02		2.55E+00		0.0038		2.31E+00				590		540		507		275		554		545

						0.5642		3.79E-03		0.064		0.00E+00		0.0601		0.00E+00		0.0592		0.00E+00		0.0586		0.00E+00		0.0579		0.00E+00		0.055		0.00E+00		0.0501		0.00E+00		0.0424		0.00E+00		0.0298		0.00E+00		0.0217		0.00E+00		0.0041		0.00E+00				640		586		550		298		601		592

		1		0.001		0.1162		1.162

		2		0.002		8.73E-02		0.873

		5		0.005		6.98E-02		0.698

		10		0.01		0.064		0.64

		30		0.03		0.0601		0.601

		50		0.05		0.0592		0.592

		70		0.07		0.0586		0.586

		100		0.1		0.0579		0.579				5.81E-02

		200		0.2		0.055		0.55

		300		0.3		0.0501		0.501

		400		0.4		0.0424		0.424

		500		0.5		0.0298		0.298

		540		0.54		0.0217		0.217

		580		0.58		0.0041		0.041

		580		0.58		-0.0041		-0.041

		540		0.54		-0.0217		-0.217

		500		0.5		-0.0298		-0.298

		400		0.4		-0.0424		-0.424

		300		0.3		-0.0501		-0.501

		200		0.2		-0.055		-0.55

		100		0.1		-0.0579		-0.579

		70		0.07		-0.0586		-0.586

		50		0.05		-0.0592		-0.592

		30		0.03		-0.0601		-0.601

		10		0.01		-0.064		-0.64

		5		0.005		-6.98E-02		-0.698

		2		0.002		-0.0873		-0.873

		1		0.001		-0.1162		-1.162
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Radial Cs-137

		Dose Rate as a function of radial distance								Cs-137		No air or clothing				Density = 0.001

		Skin Depth				Dist		0.01		Dist		1		Dist		3		Dist		5		Dist		7		Dist		20		Dist		50		Dist		100		Dist		150		Dist		200		Dist		210		225		Dist		230		Dist		250		Dist		260		Dist		270		Dist		275

						-0.5642		3.43E-01		-0.3034		0.00E+00		-0.285		0.00E+00		-0.2813		0.00E+00		-0.2797		0.00E+00		-0.2765		0.00E+00		-0.2718		0.00E+00		-0.2573		0.00E+00		-0.2316		0.00E+00		-0.19		0.00E+00		-0.1789		0.00E+00		0.00E+00		-0.1523		0.00E+00		-0.1165		0.00E+00		-0.092		0.00E+00		-0.0562		0.00E+00		-0.0206		0.00E+00				-3034		-2797		-2718		-1900

						-0.52		4.52E-01		-0.2796		5.84E-02		-0.2627		8.33E-02		-0.2593		8.56E-02		-0.2578		8.79E-02		-0.2548		9.58E-02		-0.2505		1.13E-01		-0.2372		1.18E-01		-0.2135		1.17E-01		-0.1751		1.06E-01		-0.1649		1.02E-01		9.38E-02		-0.1404		9.06E-02		-0.1074		7.49E-02		-0.0848		6.51E-02		-0.0518		5.37E-02		-0.019		4.75E-02				-2796		-2578		-2505		-1751

						-0.4775		5.98E-01		-0.2568		6.12E-02		-0.2412		4.51E-02		-0.2381		4.28E-02		-0.2367		4.28E-02		-0.234		4.55E-02		-0.2301		5.50E-02		-0.2178		6.98E-02		-0.1961		9.63E-02		-0.1609		1.17E-01		-0.1514		1.18E-01		1.15E-01		-0.1289		1.12E-01		-0.0986		9.40E-02		-0.0779		7.92E-02		-0.0476		5.99E-02		-0.0174		4.84E-02				-2568		-2367		-2301		-1609

						-0.4369		7.94E-01		-0.2349		7.10E-02		-0.2207		1.24E-01		-0.2179		1.47E-01		-0.2166		1.62E-01		-0.2141		1.91E-01		-0.2105		1.85E-01		-0.1993		8.81E-02		-0.1794		5.41E-02		-0.1472		1.01E-01		-0.1385		1.10E-01		1.18E-01		-0.1179		1.18E-01		-0.0902		1.06E-01		-0.0713		8.98E-02		-0.0435		6.50E-02		-0.0159		4.92E-02				-2349		-2166		-2105		-1472

						-0.3981		1.06E+00		-0.2141		4.50E-01		-0.2011		7.00E-01		-0.1985		7.74E-01		-0.1974		8.21E-01		-0.1951		9.27E-01		-0.1918		9.40E-01		-0.1816		4.86E-01		-0.1635		9.92E-02		-0.1341		7.41E-02		-0.1262		9.00E-02		1.10E-01		-0.1075		1.14E-01		-0.0822		1.13E-01		-0.0649		9.75E-02		-0.0396		6.93E-02		-0.0145		4.98E-02				-2141		-1974		-1918		-1341

						-0.3611		1.42E+00		-0.1942		1.28E+00		-0.1824		1.63E+00		-0.18		1.73E+00		-0.179		1.80E+00		-0.177		2.00E+00		-0.174		2.11E+00		-0.1647		1.32E+00		-0.1483		3.43E-01		-0.1216		5.46E-02		-0.1145		6.84E-02		9.73E-02		-0.0975		1.05E-01		-0.0746		1.17E-01		-0.0589		1.03E-01		-0.036		7.28E-02		-0.0132		5.04E-02				-1942		-1790		-1740		-1216

						-0.3259		1.91E+00		-0.1752		2.17E+00		-0.1646		2.48E+00		-0.1625		2.58E+00		-0.1616		2.68E+00		-0.1597		2.94E+00		-0.157		3.21E+00		-0.1486		2.31E+00		-0.1338		7.98E-01		-0.1098		5.69E-02		-0.1033		5.45E-02		8.31E-02		-0.088		9.44E-02		-0.0673		1.18E-01		-0.0532		1.07E-01		-0.0325		7.58E-02		-0.0119		5.09E-02				-1752		-1616		-1570		-1098

						-0.2925		2.60E+00		-0.1573		2.82E+00		-0.1478		3.06E+00		-0.1458		3.16E+00		-0.145		3.26E+00		-0.1433		3.58E+00		-0.1409		3.99E+00		-0.1334		3.19E+00		-0.1201		1.36E+00		-0.0985		8.76E-02		-0.0927		5.37E-02		7.03E-02		-0.079		8.32E-02		-0.0604		1.18E-01		-0.0477		1.10E-01		-0.0291		7.82E-02		-0.0107		5.13E-02				-1573		-1450		-1409		-985

						-0.2609		3.56E+00		-0.1403		3.38E+00		-0.1318		3.68E+00		-0.1301		3.81E+00		-0.1293		3.94E+00		-0.1279		4.30E+00		-0.1257		4.64E+00		-0.119		3.84E+00		-0.1071		1.92E+00		-0.0879		1.47E-01		-0.0827		6.71E-02		6.08E-02		-0.0704		7.33E-02		-0.0539		1.17E-01		-0.0426		1.13E-01		-0.026		8.02E-02		-0.0095		5.17E-02				-1403		-1293		-1257		-879

						-0.2311		4.87E+00		-0.1243		4.40E+00		-0.1167		4.94E+00		-0.1152		5.14E+00		-0.1146		5.33E+00		-0.1133		5.74E+00		-0.1113		5.70E+00		-0.1054		4.29E+00		-0.0949		2.43E+00		-0.0778		2.29E-01		-0.0733		9.28E-02		5.50E-02		-0.0624		6.54E-02		-0.0477		1.15E-01		-0.0377		1.14E-01		-0.023		8.19E-02		-0.0084		5.20E-02				-1243		-1146		-1113		-778

						-0.2031		6.84E+00		-0.1092		6.66E+00		-0.1026		7.66E+00		-0.1013		8.02E+00		-0.1007		8.31E+00		-0.0995		8.77E+00		-0.0979		7.73E+00		-0.0926		4.72E+00		-0.0834		2.85E+00		-0.0684		3.25E-01		-0.0644		1.27E-01		5.25E-02		-0.0548		5.98E-02		-0.0419		1.14E-01		-0.0331		1.15E-01		-0.0202		8.32E-02		-0.0074		5.22E-02				-1092		-1007		-979		-684

						-0.1769		9.75E+00		-0.0951		1.13E+01		-0.0894		1.31E+01		-0.0882		1.37E+01		-0.0877		1.42E+01		-0.0867		1.47E+01		-0.0852		1.13E+01		-0.0807		5.25E+00		-0.0726		3.19E+00		-0.0596		4.25E-01		-0.0561		1.66E-01		5.27E-02		-0.0478		5.61E-02		-0.0365		1.12E-01		-0.0289		1.16E-01		-0.0176		8.43E-02		-0.0064		5.24E-02				-951		-877		-852		-596

						-0.1526		1.41E+01		-0.082		1.99E+01		-0.0771		2.29E+01		-0.0761		2.39E+01		-0.0756		2.47E+01		-0.0748		2.49E+01		-0.0735		1.71E+01		-0.0696		5.90E+00		-0.0626		3.44E+00		-0.0514		5.18E-01		-0.0484		2.07E-01		5.46E-02		-0.0412		5.39E-02		-0.0315		1.11E-01		-0.0249		1.16E-01		-0.0152		8.51E-02		-0.0056		5.26E-02				-820		-756		-735		-514

						-0.13		2.08E+01		-0.0699		3.53E+01		-0.0657		4.03E+01		-0.0648		4.19E+01		-0.0644		4.31E+01		-0.0637		4.23E+01		-0.0626		2.54E+01		-0.0593		6.68E+00		-0.0534		3.64E+00		-0.0438		6.00E-01		-0.0412		2.45E-01		5.73E-02		-0.0351		5.28E-02		-0.0268		1.10E-01		-0.0212		1.17E-01		-0.0129		8.58E-02		-0.0047		5.27E-02				-699		-644		-626		-438

						-0.1092		3.13E+01		-0.0587		6.21E+01		-0.0552		7.02E+01		-0.0545		7.28E+01		-0.0542		7.47E+01		-0.0535		7.02E+01		-0.0526		3.67E+01		-0.0498		7.54E+00		-0.0448		3.78E+00		-0.0368		6.70E-01		-0.0346		2.78E-01		6.04E-02		-0.0295		5.24E-02		-0.0226		1.09E-01		-0.0178		1.17E-01		-0.0109		8.63E-02		-0.004		5.28E-02				-587		-542		-526		-368

						-0.0903		4.88E+01		-0.0485		1.09E+02		-0.0456		1.22E+02		-0.045		1.26E+02		-0.0448		1.29E+02		-0.0442		1.15E+02		-0.0435		5.05E+01		-0.0412		8.39E+00		-0.0371		3.88E+00		-0.0304		7.25E-01		-0.0286		3.06E-01		6.33E-02		-0.0244		5.23E-02		-0.0186		1.08E-01		-0.0147		1.17E-01		-0.009		8.67E-02		-0.0033		5.29E-02				-485		-448		-435		-304

						-0.0731		7.90E+01		-0.0393		1.93E+02		-0.0369		2.14E+02		-0.0365		2.20E+02		-0.0362		2.23E+02		-0.0358		1.83E+02		-0.0352		6.58E+01		-0.0334		9.17E+00		-0.03		3.96E+00		-0.0246		7.68E-01		-0.0232		3.29E-01		6.58E-02		-0.0197		5.25E-02		-0.0151		1.07E-01		-0.0119		1.17E-01		-0.0073		8.70E-02		-0.0027		5.30E-02				-393		-362		-352		-246

						-0.0578		1.34E+02		-0.0311		3.49E+02		-0.0292		3.84E+02		-0.0288		3.90E+02		-0.0286		3.91E+02		-0.0283		2.84E+02		-0.0278		8.14E+01		-0.0264		9.83E+00		-0.0237		4.01E+00		-0.0195		7.99E-01		-0.0183		3.45E-01		6.77E-02		-0.0156		5.27E-02		-0.0119		1.07E-01		-0.0094		1.17E-01		-0.0058		8.72E-02		-0.0021		5.30E-02				-311		-286		-278		-195

						-0.0442		2.43E+02		-0.0238		6.58E+02		-0.0223		7.16E+02		-0.0221		7.17E+02		-0.0219		7.03E+02		-0.0217		4.24E+02		-0.0213		9.55E+01		-0.0202		1.03E+01		-0.0182		4.04E+00		-0.0149		8.21E-01		-0.014		3.57E-01		6.92E-02		-0.0119		5.28E-02		-0.0091		1.06E-01		-0.0072		1.17E-01		-0.0044		8.73E-02		-0.0016		5.30E-02				-238		-219		-213		-149

						-0.0325		4.76E+02		-0.0175		1.33E+03		-0.0164		1.42E+03		-0.0162		1.38E+03		-0.0161		1.30E+03		-0.0159		5.97E+02		-0.0157		1.07E+02		-0.0148		1.07E+01		-0.0133		4.06E+00		-0.0109		8.36E-01		-0.0103		3.65E-01		7.02E-02		-0.0088		5.30E-02		-0.0067		1.06E-01		-0.0053		1.17E-01		-0.0032		8.74E-02		-0.0012		5.30E-02				-175		-161		-157		-109

						-0.0226		1.04E+03		-0.0121		2.96E+03		-0.0114		3.05E+03		-0.0113		2.80E+03		-0.0112		2.45E+03		-0.0111		7.76E+02		-0.0109		1.14E+02		-0.0103		1.09E+01		-0.0093		4.08E+00		-0.0076		8.45E-01		-0.0072		3.69E-01		7.08E-02		-0.0061		5.31E-02		-0.0047		1.06E-01		-0.0037		1.17E-01		-0.0022		8.75E-02		-0.0008		5.30E-02				-121		-112		-109		-76

						-0.0144		2.66E+03		-0.0078		7.81E+03		-0.0073		7.37E+03		-0.0072		5.89E+03		-0.0072		4.50E+03		-0.0071		9.21E+02		-0.007		1.19E+02		-0.0066		1.10E+01		-0.0059		4.08E+00		-0.0049		8.50E-01		-0.0046		3.72E-01		7.11E-02		-0.0039		5.31E-02		-0.003		1.06E-01		-0.0024		1.17E-01		-0.0014		8.75E-02		-0.0005		5.31E-02				-78		-72		-70		-49

						-0.0081		8.73E+03		-0.0044		2.60E+04		-0.0041		1.91E+04		-0.0041		1.15E+04		-0.004		7.19E+03		-0.004		1.01E+03		-0.0039		1.21E+02		-0.0037		1.11E+01		-0.0033		4.09E+00		-0.0027		8.52E-01		-0.0026		3.73E-01		7.13E-02		-0.0022		5.31E-02		-0.0017		1.06E-01		-0.0013		1.17E-01		-0.0008		8.75E-02		-0.0003		5.31E-02				-44		-40		-39		-27

						-0.0036		4.55E+04		-0.0019		1.15E+05		-0.0018		4.12E+04		-0.0018		1.74E+04		-0.0018		9.15E+03		-0.0018		1.04E+03		-0.0017		1.22E+02		-0.0016		1.11E+01		-0.0015		4.09E+00		-0.0012		8.53E-01		-0.0011		3.74E-01		7.13E-02		-0.001		5.32E-02		-0.0007		1.06E-01		-0.0006		1.17E-01		-0.0004		8.75E-02		-0.0001		5.31E-02				-19		-18		-17		-12

						-0.0009		7.41E+05		-0.0005		4.28E+05		-0.0005		5.54E+04		-0.0005		1.96E+04		-0.0004		9.75E+03		-0.0004		1.05E+03		-0.0004		1.23E+02		-0.0004		1.11E+01		-0.0004		4.09E+00		-0.0003		8.53E-01		-0.0003		3.74E-01		7.14E-02		-0.0002		5.32E-02		-0.0002		1.06E-01		-0.0001		1.17E-01		-0.0001		8.75E-02		0		5.31E-02				-5		-4		-4		-3

						0		8.42E+07		0		5.20E+05		0		5.67E+04		0		1.98E+04		0		9.79E+03		0		1.05E+03		0		1.23E+02		0		1.11E+01		0		4.09E+00		0		8.53E-01		0		3.74E-01		7.14E-02		0		5.32E-02		0		1.06E-01		0		1.17E-01		0		8.75E-02		0		5.31E-02				0		0		0		0

						0.0009		7.41E+05		0.0005		4.28E+05		0.0005		5.54E+04		0.0005		1.96E+04		0.0004		9.75E+03		0.0004		1.05E+03		0.0004		1.23E+02		0.0004		1.11E+01		0.0004		4.09E+00		0.0003		8.53E-01		0.0003		3.74E-01		7.14E-02		0.0002		5.32E-02		0.0002		1.06E-01		0.0001		1.17E-01		0.0001		8.75E-02		0		5.31E-02				5		4		4		3

						0.0036		4.55E+04		0.0019		1.15E+05		0.0018		4.12E+04		0.0018		1.74E+04		0.0018		9.15E+03		0.0018		1.04E+03		0.0017		1.22E+02		0.0016		1.11E+01		0.0015		4.09E+00		0.0012		8.53E-01		0.0011		3.74E-01		7.13E-02		0.001		5.32E-02		0.0007		1.06E-01		0.0006		1.17E-01		0.0004		8.75E-02		0.0001		5.31E-02				19		18		17		12

						0.0081		8.73E+03		0.0044		2.60E+04		0.0041		1.91E+04		0.0041		1.15E+04		0.004		7.19E+03		0.004		1.01E+03		0.0039		1.21E+02		0.0037		1.11E+01		0.0033		4.09E+00		0.0027		8.52E-01		0.0026		3.73E-01		7.13E-02		0.0022		5.31E-02		0.0017		1.06E-01		0.0013		1.17E-01		0.0008		8.75E-02		0.0003		5.31E-02				44		40		39		27

						0.0144		2.66E+03		0.0078		7.81E+03		0.0073		7.37E+03		0.0072		5.89E+03		0.0072		4.50E+03		0.0071		9.21E+02		0.007		1.19E+02		0.0066		1.10E+01		0.0059		4.08E+00		0.0049		8.50E-01		0.0046		3.72E-01		7.11E-02		0.0039		5.31E-02		0.003		1.06E-01		0.0024		1.17E-01		0.0014		8.75E-02		0.0005		5.31E-02				78		72		70		49

						0.0226		1.04E+03		0.0121		2.96E+03		0.0114		3.05E+03		0.0113		2.80E+03		0.0112		2.45E+03		0.0111		7.76E+02		0.0109		1.14E+02		0.0103		1.09E+01		0.0093		4.08E+00		0.0076		8.45E-01		0.0072		3.69E-01		7.08E-02		0.0061		5.31E-02		0.0047		1.06E-01		0.0037		1.17E-01		0.0022		8.75E-02		0.0008		5.30E-02				121		112		109		76

						0.0325		4.76E+02		0.0175		1.33E+03		0.0164		1.42E+03		0.0162		1.38E+03		0.0161		1.30E+03		0.0159		5.97E+02		0.0157		1.07E+02		0.0148		1.07E+01		0.0133		4.06E+00		0.0109		8.36E-01		0.0103		3.65E-01		7.02E-02		0.0088		5.30E-02		0.0067		1.06E-01		0.0053		1.17E-01		0.0032		8.74E-02		0.0012		5.30E-02				175		161		157		109

						0.0442		2.43E+02		0.0238		6.58E+02		0.0223		7.16E+02		0.0221		7.17E+02		0.0219		7.03E+02		0.0217		4.24E+02		0.0213		9.55E+01		0.0202		1.03E+01		0.0182		4.04E+00		0.0149		8.21E-01		0.014		3.57E-01		6.92E-02		0.0119		5.28E-02		0.0091		1.06E-01		0.0072		1.17E-01		0.0044		8.73E-02		0.0016		5.30E-02				238		219		213		149

						0.0578		1.34E+02		0.0311		3.49E+02		0.0292		3.84E+02		0.0288		3.90E+02		0.0286		3.91E+02		0.0283		2.84E+02		0.0278		8.14E+01		0.0264		9.83E+00		0.0237		4.01E+00		0.0195		7.99E-01		0.0183		3.45E-01		6.77E-02		0.0156		5.27E-02		0.0119		1.07E-01		0.0094		1.17E-01		0.0058		8.72E-02		0.0021		5.30E-02				311		286		278		195

						0.0731		7.90E+01		0.0393		1.93E+02		0.0369		2.14E+02		0.0365		2.20E+02		0.0362		2.23E+02		0.0358		1.83E+02		0.0352		6.58E+01		0.0334		9.17E+00		0.03		3.96E+00		0.0246		7.68E-01		0.0232		3.29E-01		6.58E-02		0.0197		5.25E-02		0.0151		1.07E-01		0.0119		1.17E-01		0.0073		8.70E-02		0.0027		5.30E-02				393		362		352		246

						0.0903		4.88E+01		0.0485		1.09E+02		0.0456		1.22E+02		0.045		1.26E+02		0.0448		1.29E+02		0.0442		1.15E+02		0.0435		5.05E+01		0.0412		8.39E+00		0.0371		3.88E+00		0.0304		7.25E-01		0.0286		3.06E-01		6.33E-02		0.0244		5.23E-02		0.0186		1.08E-01		0.0147		1.17E-01		0.009		8.67E-02		0.0033		5.29E-02				485		448		435		304

						0.1092		3.13E+01		0.0587		6.21E+01		0.0552		7.02E+01		0.0545		7.28E+01		0.0542		7.47E+01		0.0535		7.02E+01		0.0526		3.67E+01		0.0498		7.54E+00		0.0448		3.78E+00		0.0368		6.70E-01		0.0346		2.78E-01		6.04E-02		0.0295		5.24E-02		0.0226		1.09E-01		0.0178		1.17E-01		0.0109		8.63E-02		0.004		5.28E-02				587		542		526		368

						0.13		2.08E+01		0.0699		3.53E+01		0.0657		4.03E+01		0.0648		4.19E+01		0.0644		4.31E+01		0.0637		4.23E+01		0.0626		2.54E+01		0.0593		6.68E+00		0.0534		3.64E+00		0.0438		6.00E-01		0.0412		2.45E-01		5.73E-02		0.0351		5.28E-02		0.0268		1.10E-01		0.0212		1.17E-01		0.0129		8.58E-02		0.0047		5.27E-02				699		644		626		438

						0.1526		1.41E+01		0.082		1.99E+01		0.0771		2.29E+01		0.0761		2.39E+01		0.0756		2.47E+01		0.0748		2.49E+01		0.0735		1.71E+01		0.0696		5.90E+00		0.0626		3.44E+00		0.0514		5.18E-01		0.0484		2.07E-01		5.46E-02		0.0412		5.39E-02		0.0315		1.11E-01		0.0249		1.16E-01		0.0152		8.51E-02		0.0056		5.26E-02				820		756		735		514

						0.1769		9.75E+00		0.0951		1.13E+01		0.0894		1.31E+01		0.0882		1.37E+01		0.0877		1.42E+01		0.0867		1.47E+01		0.0852		1.13E+01		0.0807		5.25E+00		0.0726		3.19E+00		0.0596		4.25E-01		0.0561		1.66E-01		5.27E-02		0.0478		5.61E-02		0.0365		1.12E-01		0.0289		1.16E-01		0.0176		8.43E-02		0.0064		5.24E-02				951		877		852		596

						0.2031		6.84E+00		0.1092		6.66E+00		0.1026		7.66E+00		0.1013		8.02E+00		0.1007		8.31E+00		0.0995		8.77E+00		0.0979		7.73E+00		0.0926		4.72E+00		0.0834		2.85E+00		0.0684		3.25E-01		0.0644		1.27E-01		5.25E-02		0.0548		5.98E-02		0.0419		1.14E-01		0.0331		1.15E-01		0.0202		8.32E-02		0.0074		5.22E-02				1092		1007		979		684

						0.2311		4.87E+00		0.1243		4.40E+00		0.1167		4.94E+00		0.1152		5.14E+00		0.1146		5.33E+00		0.1133		5.74E+00		0.1113		5.70E+00		0.1054		4.29E+00		0.0949		2.43E+00		0.0778		2.29E-01		0.0733		9.28E-02		5.50E-02		0.0624		6.54E-02		0.0477		1.15E-01		0.0377		1.14E-01		0.023		8.19E-02		0.0084		5.20E-02				1243		1146		1113		778

						0.2609		3.56E+00		0.1403		3.38E+00		0.1318		3.68E+00		0.1301		3.81E+00		0.1293		3.94E+00		0.1279		4.30E+00		0.1257		4.64E+00		0.119		3.84E+00		0.1071		1.92E+00		0.0879		1.47E-01		0.0827		6.71E-02		6.08E-02		0.0704		7.33E-02		0.0539		1.17E-01		0.0426		1.13E-01		0.026		8.02E-02		0.0095		5.17E-02				1403		1293		1257		879

						0.2925		2.60E+00		0.1573		2.82E+00		0.1478		3.06E+00		0.1458		3.16E+00		0.145		3.26E+00		0.1433		3.58E+00		0.1409		3.99E+00		0.1334		3.19E+00		0.1201		1.36E+00		0.0985		8.76E-02		0.0927		5.37E-02		7.03E-02		0.079		8.32E-02		0.0604		1.18E-01		0.0477		1.10E-01		0.0291		7.82E-02		0.0107		5.13E-02				1573		1450		1409		985

						0.3259		1.91E+00		0.1752		2.17E+00		0.1646		2.48E+00		0.1625		2.58E+00		0.1616		2.68E+00		0.1597		2.94E+00		0.157		3.21E+00		0.1486		2.31E+00		0.1338		7.98E-01		0.1098		5.69E-02		0.1033		5.45E-02		8.31E-02		0.088		9.44E-02		0.0673		1.18E-01		0.0532		1.07E-01		0.0325		7.58E-02		0.0119		5.09E-02				1752		1616		1570		1098

						0.3611		1.42E+00		0.1942		1.28E+00		0.1824		1.63E+00		0.18		1.73E+00		0.179		1.80E+00		0.177		2.00E+00		0.174		2.11E+00		0.1647		1.32E+00		0.1483		3.43E-01		0.1216		5.46E-02		0.1145		6.84E-02		9.73E-02		0.0975		1.05E-01		0.0746		1.17E-01		0.0589		1.03E-01		0.036		7.28E-02		0.0132		5.04E-02				1942		1790		1740		1216

						0.3981		1.06E+00		0.2141		4.50E-01		0.2011		7.00E-01		0.1985		7.74E-01		0.1974		8.21E-01		0.1951		9.27E-01		0.1918		9.40E-01		0.1816		4.86E-01		0.1635		9.92E-02		0.1341		7.41E-02		0.1262		9.00E-02		1.10E-01		0.1075		1.14E-01		0.0822		1.13E-01		0.0649		9.75E-02		0.0396		6.93E-02		0.0145		4.98E-02				2141		1974		1918		1341

						0.4369		7.94E-01		0.2349		7.10E-02		0.2207		1.24E-01		0.2179		1.47E-01		0.2166		1.62E-01		0.2141		1.91E-01		0.2105		1.85E-01		0.1993		8.81E-02		0.1794		5.41E-02		0.1472		1.01E-01		0.1385		1.10E-01		1.18E-01		0.1179		1.18E-01		0.0902		1.06E-01		0.0713		8.98E-02		0.0435		6.50E-02		0.0159		4.92E-02				2349		2166		2105		1472

						0.4775		5.98E-01		0.2568		6.12E-02		0.2412		4.51E-02		0.2381		4.28E-02		0.2367		4.28E-02		0.234		4.55E-02		0.2301		5.50E-02		0.2178		6.98E-02		0.1961		9.63E-02		0.1609		1.17E-01		0.1514		1.18E-01		1.15E-01		0.1289		1.12E-01		0.0986		9.40E-02		0.0779		7.92E-02		0.0476		5.99E-02		0.0174		4.84E-02				2568		2367		2301		1609

						0.52		4.52E-01		0.2796		5.84E-02		0.2627		8.33E-02		0.2593		8.56E-02		0.2578		8.79E-02		0.2548		9.58E-02		0.2505		1.13E-01		0.2372		1.18E-01		0.2135		1.17E-01		0.1751		1.06E-01		0.1649		1.02E-01		9.38E-02		0.1404		9.06E-02		0.1074		7.49E-02		0.0848		6.51E-02		0.0518		5.37E-02		0.019		4.75E-02				2796		2578		2505		1751

						0.5642		3.43E-01		0.3034		0.00E+00		0.285		0.00E+00		0.2813		0.00E+00		0.2797		0.00E+00		0.2765		0.00E+00		0.2718		0.00E+00		0.2573		0.00E+00		0.2316		0.00E+00		0.19		0.00E+00		0.1789		0.00E+00		0.00E+00		0.1523		0.00E+00		0.1165		0.00E+00		0.092		0.00E+00		0.0562		0.00E+00		0.0206		0.00E+00				3034		2797		2718		1900

								Real

						0.1		0.0001		0.5642		5.642

						10		0.01		0.3034		3.034

						30		0.03		0.285		2.85

						50		0.05		0.2813		2.813

						70		0.07		0.2797		2.797

						200		0.2		0.2765		2.765

						500		0.5		0.2718		2.718

						1000		1		0.2573		2.573

						1500		1.5		0.2316		2.316

						2000		2		0.19		1.9

						2300		2.3		0.1523		1.523

						2500		2.5		0.1165		1.165

						2600		2.6		0.092		0.92

						2700		2.7		0.0562		0.562

						2750		2.75		0.0206		0.206

						2750		2.75		-0.0206		-0.206

						2700		2.7		-0.0562		-0.562

						2600		2.6		-0.092		-0.92

						2500		2.5		-0.1165		-1.165

						2300		2.3		-0.1523		-1.523

						2000		2		-0.19		-1.9

						1500		1.5		-0.2316		-2.316

						1000		1		-0.2573		-2.573

						500		0.5		-0.2718		-2.718

						200		0.2		-0.2765		-2.765

						70		0.07		-0.2797		-2.797

						50		0.05		-0.2813		-2.813

						30		0.03		-0.285		-2.85

						10		0.01		-0.3034		-3.034

						0.1		0.0001		-0.5642		-5.642
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Co-60 2D

		Dose Rate as a function of radial distance								Co-60		No air or clothing				Density = 0.001				Diameter = 500 um

		Skin Depth				Dist		1		Dist		7		Dist		20		Dist		50

						-0.0889		0.00E+00		-0.0835		0.00E+00		-0.0799		0.00E+00		-0.0547		0.00E+00				-889				-835				-799				-547

						-0.0854		1.24E-02		-0.0802		5.46E-02		-0.0767		6.51E-02		-0.0525		3.00E-02				-854				-802				-767				-525

						-0.0818		8.77E-02		-0.0769		2.24E-01		-0.0735		2.42E-01		-0.0503		9.22E-02				-818				-769				-735				-503

						-0.0783		2.75E-01		-0.0735		5.66E-01		-0.0703		5.82E-01		-0.0482		1.83E-01				-783				-735				-703				-482

						-0.0747		6.41E-01		-0.0702		1.18E+00		-0.0671		1.16E+00		-0.046		3.03E-01				-747				-702				-671				-460

						-0.0711		1.29E+00		-0.0668		2.23E+00		-0.0639		2.11E+00		-0.0438		4.56E-01				-711				-668				-639				-438

						-0.0676		2.40E+00		-0.0635		3.96E+00		-0.0607		3.57E+00		-0.0416		6.42E-01				-676				-635				-607				-416

						-0.064		4.21E+00		-0.0601		6.72E+00		-0.0575		5.80E+00		-0.0394		8.64E-01				-640				-601				-575				-394

						-0.0605		7.16E+00		-0.0568		1.11E+01		-0.0543		9.15E+00		-0.0372		1.12E+00				-605				-568				-543				-372

						-0.0569		1.18E+01		-0.0535		1.78E+01		-0.0511		1.39E+01		-0.035		1.40E+00				-569				-535				-511				-350

						-0.0534		1.92E+01		-0.0501		2.83E+01		-0.0479		2.06E+01		-0.0328		1.72E+00				-534				-501				-479				-328

						-0.0498		3.09E+01		-0.0468		4.43E+01		-0.0447		3.02E+01		-0.0306		2.07E+00				-498				-468				-447				-306

						-0.0462		4.94E+01		-0.0434		6.93E+01		-0.0415		4.32E+01		-0.0285		2.46E+00				-462				-434				-415				-285

						-0.0427		7.98E+01		-0.0401		1.09E+02		-0.0383		6.04E+01		-0.0263		2.86E+00				-427				-401				-383				-263

						-0.0391		1.31E+02		-0.0368		1.72E+02		-0.0351		8.25E+01		-0.0241		3.29E+00				-391				-368				-351				-241

						-0.0356		2.23E+02		-0.0334		2.75E+02		-0.0319		1.10E+02		-0.0219		3.67E+00				-356				-334				-319				-219

						-0.032		4.06E+02		-0.0301		4.43E+02		-0.0288		1.43E+02		-0.0197		4.12E+00				-320				-301				-288				-197

						-0.0285		8.59E+02		-0.0267		7.02E+02		-0.0256		1.79E+02		-0.0175		4.55E+00				-285				-267				-256				-175

						-0.0249		2.81E+03		-0.0234		1.03E+03		-0.0224		2.18E+02		-0.0153		4.94E+00				-249				-234				-224				-153

						-0.0213		4.76E+03		-0.02		1.32E+03		-0.0192		2.56E+02		-0.0131		5.37E+00				-213				-200				-192				-131

						-0.0178		5.29E+03		-0.0167		1.53E+03		-0.016		2.90E+02		-0.0109		5.71E+00				-178				-167				-160				-109

						-0.0142		5.74E+03		-0.0134		1.67E+03		-0.0128		3.19E+02		-0.0088		6.02E+00				-142				-134				-128				-88

						-0.0107		5.65E+03		-0.01		1.76E+03		-0.0096		3.43E+02		-0.0066		6.37E+00				-107				-100				-96				-66

						-0.0071		5.72E+03		-0.0067		1.82E+03		-0.0064		3.59E+02		-0.0044		6.56E+00				-71				-67				-64				-44

						-0.0036		5.76E+03		-0.0033		1.85E+03		-0.0032		3.69E+02		-0.0022		6.65E+00				-36				-33				-32				-22

						0		5.79E+03		0		1.87E+03		0		3.73E+02		0		6.68E+00				0				0				0				0

						0.0036		5.76E+03		0.0033		1.85E+03		0.0032		3.69E+02		0.0022		6.65E+00				36				33				32				22

						0.0071		5.72E+03		0.0067		1.82E+03		0.0064		3.59E+02		0.0044		6.56E+00				71				67				64				44

						0.0107		5.65E+03		0.01		1.76E+03		0.0096		3.43E+02		0.0066		6.37E+00				107				100				96				66

						0.0142		5.74E+03		0.0134		1.67E+03		0.0128		3.19E+02		0.0088		6.02E+00				142				134				128				88

						0.0178		5.29E+03		0.0167		1.53E+03		0.016		2.90E+02		0.0109		5.71E+00				178				167				160				109

						0.0213		4.76E+03		0.02		1.32E+03		0.0192		2.56E+02		0.0131		5.37E+00				213				200				192				131

						0.0249		2.81E+03		0.0234		1.03E+03		0.0224		2.18E+02		0.0153		4.94E+00				249				234				224				153

						0.0285		8.59E+02		0.0267		7.02E+02		0.0256		1.79E+02		0.0175		4.55E+00				285				267				256				175

						0.032		4.06E+02		0.0301		4.43E+02		0.0288		1.43E+02		0.0197		4.12E+00				320				301				288				197

						0.0356		2.23E+02		0.0334		2.75E+02		0.0319		1.10E+02		0.0219		3.67E+00				356				334				319				219

						0.0391		1.31E+02		0.0368		1.72E+02		0.0351		8.25E+01		0.0241		3.29E+00				391				368				351				241

						0.0427		7.98E+01		0.0401		1.09E+02		0.0383		6.04E+01		0.0263		2.86E+00				427				401				383				263

						0.0462		4.94E+01		0.0434		6.93E+01		0.0415		4.32E+01		0.0285		2.46E+00				462				434				415				285

						0.0498		3.09E+01		0.0468		4.43E+01		0.0447		3.02E+01		0.0306		2.07E+00				498				468				447				306

						0.0534		1.92E+01		0.0501		2.83E+01		0.0479		2.06E+01		0.0328		1.72E+00				534				501				479				328

						0.0569		1.18E+01		0.0535		1.78E+01		0.0511		1.39E+01		0.035		1.40E+00				569				535				511				350

						0.0605		7.16E+00		0.0568		1.11E+01		0.0543		9.15E+00		0.0372		1.12E+00				605				568				543				372

						0.064		4.21E+00		0.0601		6.72E+00		0.0575		5.80E+00		0.0394		8.64E-01				640				601				575				394

						0.0676		2.40E+00		0.0635		3.96E+00		0.0607		3.57E+00		0.0416		6.42E-01				676				635				607				416

						0.0711		1.29E+00		0.0668		2.23E+00		0.0639		2.11E+00		0.0438		4.56E-01				711				668				639				438

						0.0747		6.41E-01		0.0702		1.18E+00		0.0671		1.16E+00		0.046		3.03E-01				747				702				671				460

						0.0783		2.75E-01		0.0735		5.66E-01		0.0703		5.82E-01		0.0482		1.83E-01				783				735				703				482

						0.0818		8.77E-02		0.0769		2.24E-01		0.0735		2.42E-01		0.0503		9.22E-02				818				769				735				503

						0.0854		1.24E-02		0.0802		5.46E-02		0.0767		6.51E-02		0.0525		3.00E-02				854				802				767				525

						0.0889		0.00E+00		0.0835		0.00E+00		0.0799		0.00E+00		0.0547		0.00E+00				889				835				799				547
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Cs-137 2D

		Dose Rate as a function of radial distance								Cs-137		No air or clothing				Density = 0.001				Diameter = 500 um

		Skin Depth				Dist		1		Dist		7		Dist		50		Dist		200

						-0.3283		0.00E+00		-0.3046		0.00E+00		-0.2967		0.00E+00		-0.2149		0.00E+00				-3283				-3046				-2967				-2149

						-0.3026		1.25E-02		-0.2807		3.16E-02		-0.2735		4.47E-02		-0.1981		2.41E-02				-3026				-2807				-2735				-1981

						-0.2779		5.53E-02		-0.2578		7.25E-02		-0.2512		9.42E-02		-0.1819		7.16E-02				-2779				-2578				-2512				-1819

						-0.2542		6.74E-02		-0.2359		8.06E-02		-0.2298		9.97E-02		-0.1665		1.11E-01				-2542				-2359				-2298				-1665

						-0.2316		1.83E-01		-0.2149		3.31E-01		-0.2094		3.74E-01		-0.1517		1.10E-01				-2316				-2149				-2094				-1517

						-0.2101		7.08E-01		-0.1949		1.07E+00		-0.1899		1.21E+00		-0.1376		8.99E-02				-2101				-1949				-1899				-1376

						-0.1896		1.60E+00		-0.1759		2.07E+00		-0.1714		2.42E+00		-0.1242		7.27E-02				-1896				-1759				-1714				-1242

						-0.1702		2.49E+00		-0.1579		2.96E+00		-0.1538		3.54E+00		-0.1114		7.58E-02				-1702				-1579				-1538				-1114

						-0.1518		3.23E+00		-0.1408		3.75E+00		-0.1372		4.45E+00		-0.0994		1.08E-01				-1518				-1408				-1372				-994

						-0.1345		4.16E+00		-0.1248		4.92E+00		-0.1215		5.46E+00		-0.088		1.71E-01				-1345				-1248				-1215				-880

						-0.1182		6.06E+00		-0.1097		7.41E+00		-0.1068		7.20E+00		-0.0774		2.58E-01				-1182				-1097				-1068				-774

						-0.103		1.01E+01		-0.0955		1.26E+01		-0.0931		1.04E+01		-0.0674		3.58E-01				-1030				-955				-931				-674

						-0.0888		1.82E+01		-0.0824		2.25E+01		-0.0802		1.57E+01		-0.0581		4.60E-01				-888				-824				-802				-581

						-0.0756		3.35E+01		-0.0702		4.09E+01		-0.0684		2.37E+01		-0.0495		5.56E-01				-756				-702				-684				-495

						-0.0636		6.21E+01		-0.059		7.47E+01		-0.0574		3.46E+01		-0.0416		6.40E-01				-636				-590				-574				-416

						-0.0525		1.17E+02		-0.0487		1.38E+02		-0.0475		4.80E+01		-0.0344		7.09E-01				-525				-487				-475				-344

						-0.0425		2.29E+02		-0.0395		2.65E+02		-0.0385		6.28E+01		-0.0279		7.63E-01				-425				-395				-385				-279

						-0.0336		5.13E+02		-0.0312		5.42E+02		-0.0304		7.71E+01		-0.022		8.03E-01				-336				-312				-304				-220

						-0.0257		2.08E+03		-0.0239		1.08E+03		-0.0233		8.96E+01		-0.0169		8.31E-01				-257				-239				-233				-169

						-0.0189		4.78E+03		-0.0175		1.53E+03		-0.0171		9.90E+01		-0.0124		8.50E-01				-189				-175				-171				-124

						-0.0131		4.84E+03		-0.0122		1.75E+03		-0.0119		1.05E+02		-0.0086		8.62E-01				-131				-122				-119				-86

						-0.0084		5.37E+03		-0.0078		1.85E+03		-0.0076		1.09E+02		-0.0055		8.68E-01				-84				-78				-76				-55

						-0.0047		5.44E+03		-0.0044		1.90E+03		-0.0043		1.11E+02		-0.0031		8.71E-01				-47				-44				-43				-31

						-0.0021		5.46E+03		-0.0019		1.91E+03		-0.0019		1.12E+02		-0.0014		8.72E-01				-21				-19				-19				-14

						-0.0005		5.46E+03		-0.0005		1.92E+03		-0.0005		1.12E+02		-0.0003		8.72E-01				-5				-5				-5				-3

						0		5.48E+03		0		1.92E+03		0		1.12E+02		0		8.73E-01				0				0				0				0

						0.0005		5.46E+03		0.0005		1.92E+03		0.0005		1.12E+02		0.0003		8.72E-01				5				5				5				3

						0.0021		5.46E+03		0.0019		1.91E+03		0.0019		1.12E+02		0.0014		8.72E-01				21				19				19				14

						0.0047		5.44E+03		0.0044		1.90E+03		0.0043		1.11E+02		0.0031		8.71E-01				47				44				43				31

						0.0084		5.37E+03		0.0078		1.85E+03		0.0076		1.09E+02		0.0055		8.68E-01				84				78				76				55

						0.0131		4.84E+03		0.0122		1.75E+03		0.0119		1.05E+02		0.0086		8.62E-01				131				122				119				86

						0.0189		4.78E+03		0.0175		1.53E+03		0.0171		9.90E+01		0.0124		8.50E-01				189				175				171				124

						0.0257		2.08E+03		0.0239		1.08E+03		0.0233		8.96E+01		0.0169		8.31E-01				257				239				233				169

						0.0336		5.13E+02		0.0312		5.42E+02		0.0304		7.71E+01		0.022		8.03E-01				336				312				304				220

						0.0425		2.29E+02		0.0395		2.65E+02		0.0385		6.28E+01		0.0279		7.63E-01				425				395				385				279

						0.0525		1.17E+02		0.0487		1.38E+02		0.0475		4.80E+01		0.0344		7.09E-01				525				487				475				344

						0.0636		6.21E+01		0.059		7.47E+01		0.0574		3.46E+01		0.0416		6.40E-01				636				590				574				416

						0.0756		3.35E+01		0.0702		4.09E+01		0.0684		2.37E+01		0.0495		5.56E-01				756				702				684				495

						0.0888		1.82E+01		0.0824		2.25E+01		0.0802		1.57E+01		0.0581		4.60E-01				888				824				802				581

						0.103		1.01E+01		0.0955		1.26E+01		0.0931		1.04E+01		0.0674		3.58E-01				1030				955				931				674

						0.1182		6.06E+00		0.1097		7.41E+00		0.1068		7.20E+00		0.0774		2.58E-01				1182				1097				1068				774

						0.1345		4.16E+00		0.1248		4.92E+00		0.1215		5.46E+00		0.088		1.71E-01				1345				1248				1215				880

						0.1518		3.23E+00		0.1408		3.75E+00		0.1372		4.45E+00		0.0994		1.08E-01				1518				1408				1372				994

						0.1702		2.49E+00		0.1579		2.96E+00		0.1538		3.54E+00		0.1114		7.58E-02				1702				1579				1538				1114

						0.1896		1.60E+00		0.1759		2.07E+00		0.1714		2.42E+00		0.1242		7.27E-02				1896				1759				1714				1242

						0.2101		7.08E-01		0.1949		1.07E+00		0.1899		1.21E+00		0.1376		8.99E-02				2101				1949				1899				1376

						0.2316		1.83E-01		0.2149		3.31E-01		0.2094		3.74E-01		0.1517		1.10E-01				2316				2149				2094				1517

						0.2542		6.74E-02		0.2359		8.06E-02		0.2298		9.97E-02		0.1665		1.11E-01				2542				2359				2298				1665

						0.2779		5.53E-02		0.2578		7.25E-02		0.2512		9.42E-02		0.1819		7.16E-02				2779				2578				2512				1819

						0.3026		1.25E-02		0.2807		3.16E-02		0.2735		4.47E-02		0.1981		2.41E-02				3026				2807				2735				1981

						0.3283		0.00E+00		0.3046		0.00E+00		0.2967		0.00E+00		0.2149		0.00E+00				3283				3046				2967				2149
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Non-distributed Source

Distributed Source

3-D Source Radius (mm)

Dose Rate over 1 cm2 at
 7 mg/cm2 (rad/h)

Dose Rate to 1 cm2 vs. Source Radius
for two 3-D Disc Sources
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Co-60
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Y-90

3-D Source Diameter (mm)

Dose Rate over 1 cm2 at
 7 mg/cm2 (rad/h)

Dose Rate to 1 cm2 vs. Source Diameter
for several 1 mCi 3-D Disc Sources
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Disc Diams Chart
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Disc Diams Chart - Overhead
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Disc Diams Chart - Slide
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71%

93% (Point Source)
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Disc Diam Co-60 - Overhead
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Disc Diam Co-60 - Slide
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Disc Diam Co-60 - Slide W

		Beta Dose Rate at 7 mg/cm2 as a function of diameter

		No Backscatter correction																										No Backscatter correction

		Correction Factor should be:						1.124				1.312								1.34								Correction Factor should be:						1.124

								Co-60				Cs-137								Y-90

		Diameter		Dose Rate to 1 cm2								Diameter		Dose Rate to 1 cm2						Diameter		Dose Rate to 1 cm2						Diameter		Dose Rate to 1 cm2

		Co-60		(rad/h)								Cs-137		(rad/h)						Y-90		(rad/h)						Co-60		(rad/h)

				1 uCi		1 uCi/cm2																								1 uCi		Rel

		1		3.27E+00								1		5.76E+00						1		6.56E+00						1		3.27E+00		7.08E-01

		1.3		3.82E+00								1.3		6.73E+00						1.3		7.66E+00						1.3		3.82E+00		8.27E-01

		2		4.28E+00								2		7.54E+00						2		8.58E+00						2		4.28E+00		9.26E-01

		3		4.47E+00								3		7.87E+00						3		8.96E+00						3		4.47E+00		9.68E-01

		4		4.53E+00								4		7.99E+00						4		9.09E+00						4		4.53E+00		9.81E-01

		5		4.56E+00								5		8.04E+00						5		9.15E+00						5		4.56E+00		9.87E-01

		6		4.58E+00								6		8.07E+00						6		9.18E+00						6		4.58E+00		9.91E-01

		7		4.59E+00								7		8.09E+00						7		9.20E+00						7		4.59E+00		9.94E-01

		8		4.60E+00								8		8.10E+00						8		9.21E+00						8		4.60E+00		9.96E-01

		9		4.60E+00								9		8.11E+00						9		9.22E+00						9		4.60E+00		9.96E-01

		10		4.60E+00								10		8.11E+00						10		9.23E+00						10		4.60E+00		9.96E-01

		20		4.61E+00								20		8.13E+00						20		9.25E+00						20		4.61E+00		9.98E-01

		50		4.62E+00								50		8.14E+00						50		9.26E+00						50		4.62E+00		1.00E+00

		100		4.62E+00								100		8.14E+00						100		9.26E+00						100		4.62E+00		1.00E+00

		200		4.62E+00								200		8.14E+00						200		9.24E+00						200		4.62E+00		1.00E+00

		500		4.62E+00								500		8.14E+00						500		9.25E+00						500		4.62E+00		1.00E+00

		1000		4.62E+00								1000		8.12E+00						1000		9.25E+00						1000		4.62E+00		1.00E+00

		2000		4.60E+00								2000		8.10E+00						2000		9.23E+00						2000		4.60E+00		9.96E-01

		5000		4.60E+00								5000		8.08E+00						5000		9.10E+00						5000		4.60E+00		9.96E-01

		10000		4.60E+00								10000		8.08E+00						10000		8.48E+00						5641.896		4.60E+00		9.96E-01

																												10000		4.60E+00		9.96E-01

		Ratio (max/point):				1.079						Ratio (max/point):				1.080				Ratio (max/point):				1.078						4.62E+00

		Ratio (max/min):				1.41						Ratio (max/min):				1.41				Ratio (max/min):				1.41

				1 uCi		1 uCi/cm2

		10		4.61E+00		0.0000145		1.45E-09

		25		4.62E+00		0.0000907		9.07E-09

		50		4.62E+00		0.000363		3.63E-08

		100		4.62E+00		0.00145		1.45E-07

		250		4.62E+00		0.00907		9.07E-07

		500		4.62E+00		0.0363		3.63E-06

		1000		4.60E+00		0.145		1.45E-05

		2500		4.60E+00		0.904		9.04E-05

		5000		4.60E+00		3.61		3.61E-04

		5500		4.58E+00		4.35		4.35E-04

		5700		4.45E+00		4.54		4.54E-04

		6000		4.04E+00		4.57		4.57E-04

		7000		2.97E+00		4.57		4.57E-04

		10000		1.45E+00		4.57		4.57E-04

		25000		2.33E-01		4.57		4.57E-04

		50000		5.82E-02		4.57		4.57E-04

		100000		1.45E-02		4.57		4.57E-04

		250000		2.33E-03		4.57		4.57E-04

		500000		5.82E-04		4.57		4.57E-04

		1000000		1.45E-04		4.57		4.57E-04
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Disc Diams
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		13		13		13

		14		14		14

		15		15		15

		16		16		16

		17		17		17

		18		18		18

		19		19		19

		20		20		20

		21		21		21

		22		22		22

		23		23		23

		24		24		24

		25		25		25

		0		0		0

		0.04		0.04		0.04

		0.16		0.16		0.16

		0.36		0.36		0.36

		0.64		0.64		0.64

		1		1		1

		1.44		1.44		1.44

		1.96		1.96		1.96

		2.56		2.56		2.56

		3.24		3.24		3.24

		4		4		4

		4.84		4.84		4.84

		5.76		5.76		5.76

		6.76		6.76		6.76

		7.84		7.84		7.84

		9		9		9

		10.24		10.24		10.24

		11.56		11.56		11.56

		12.96		12.96		12.96

		14.44		14.44		14.44

		16		16		16

		17.64		17.64		17.64

		19.36		19.36		19.36

		21.16		21.16		21.16

		23.04		23.04		23.04

		25		25		25

		0		0		0

		5		5		5

		7.0710678119		7.0710678119		7.0710678119

		8.6602540378		8.6602540378		8.6602540378

		10		10		10

		11.1803398875		11.1803398875		11.1803398875

		12.2474487139		12.2474487139		12.2474487139

		13.2287565553		13.2287565553		13.2287565553

		14.1421356237		14.1421356237		14.1421356237

		15		15		15

		15.8113883008		15.8113883008		15.8113883008

		16.5831239518		16.5831239518		16.5831239518

		17.3205080757		17.3205080757		17.3205080757

		18.0277563773		18.0277563773		18.0277563773

		18.7082869339		18.7082869339		18.7082869339

		19.364916731		19.364916731		19.364916731

		20		20		20

		20.6155281281		20.6155281281		20.6155281281

		21.2132034356		21.2132034356		21.2132034356

		21.7944947177		21.7944947177		21.7944947177
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Dose Points Chart (2)
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Distrib Chart

		Scaled Dose Distributions

				Co-60		Cs-137		Y-90

		0		2.0752		3.1558		1.2388

		0.01		2.046		3.0319		1.2323

		0.02		2.0169		2.9079		1.2258

		0.03		1.9878		2.784		1.2194

		0.04		1.9586		2.6601		1.2135

		0.05		1.9295		2.5515		1.2097

		0.1		1.7838		2.2148		1.1962

		0.15		1.6381		1.9871		1.1859

		0.2		1.4924		1.776		1.1689

		0.25		1.3467		1.5764		1.1433

		0.3		1.2153		1.3837		1.114

		0.35		1.1195		1.2011		1.0782

		0.4		1.0237		1.0296		1.0414

		0.45		0.9344		0.8785		1.0003

		0.5		0.8539		0.7392		0.9568

		0.55		0.7734		0.6267		0.9117

		0.6		0.7008		0.5319		0.8641

		0.65		0.6342		0.4565		0.8137

		0.7		0.5675		0.4042		0.761

		0.75		0.5148		0.3712		0.7063

		0.8		0.4677		0.3553		0.65

		0.85		0.4206		0.3526		0.5927

		0.9		0.378		0.3586		0.5348

		0.95		0.3361		0.3687		0.477

		1		0.2942		0.3766		0.4199

		1.1		0.2293		0.354		0.311

		1.2		0.1742		0.2692		0.2142

		1.4		0.0927		0.0434		0.0748

		1.6		0.0423		0.0221		0.0127

		1.8		0.0164		0.0144		0.0003
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Distribs

										Dose to 1 cm2

												VARMOD2

		Nuclide				Diameter				VARMOD1		2-D		3-D				Different BETADATA?

		Co-60				20				4.1		4.11		4.61				Very different

		Cs-137				20				6.4		6.20		8.13				Very different

		P-32				20				9.3		6.73		9.14				Very close

		Ba-140				20				7.3		5.73		7.55				Fairly similar
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VARSKIN Mod 2: The Trigger

- Beta Dose Rate for 1 uCi °Co = 3.81 rad/h

» Test Case: 3D disk source

- Beta Dose Rate for 1 uCi °Co = 3.70 rad/h
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VARSKIN 2, SADDE 2 to DOSESKIN, YSADDE

Source Density
Backscatter Correction Factor
| 0ss of Dose for Small Sources

~luctuations at Shallow Skin Depths

~Fluctuations in Volume Averaging
Variations in Radial Dose Rate
Gamma Dose Rate Calculation

Beta yield applied twice (SADDE)

12
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VARSKIN 2, SADDE 2 to DOSESKIN, YSADDE

Causes and Contributing Factors
 Coding logic errors

 Results not checked over full range of data
« Single precision

 Too few calculation points (e.g. radial dose distribution
points) to ensure accuracy

 Even distribution of dose calculation points
« Source —target geometry errors
« Lack of self-checking

« Lack of detailed independent testing (review of coding,
results; use of independent method (MC))

13
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DOSESKIN, YSADDE

Use same (mostly) models as VARSKIN 2 and
SADDE 2

Same overall functionality
Corrects all known code logic errors
Increases number of dose calculation points

Changes position of radial distribution points to
Increase density near source edge

Gamma dose calculation corrected for density
Fixes errors in SADDE 2

Maintains printing of radial dose distribution

14
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VARSKIN 3, 3.1

First Windows™ VARSKIN program

Uses DOSESKIN Fortran source code as starting point
More flexible user interface, multiple cover calculator
Default dose averaging area of 10 cm?

Syringe geometry added

Easy addition of radionuclides to User library from ICRP
38 Radionuclide database

Simple photon model for particles <1 mm

Terminology change: Xq9 = 1.8 Xg,

15
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VARSKIN 3, 3.1

ldentified Issues

 For photon dose, VARSKIN 3 calculated CPE fraction based
on photon energy in keV, but photon energy supplied in
MeV => CPE reached too quickly

« Photon dose model does not attenuate low energy photons,
and calculates higher CPE value than MCNP

 No longer prints or displays radial dose distribution

« Validation check using limited methods (Delacroix, Rohloff and
Heinzelmann, Kocher and Eckerman, Chabot et al, Piechkowski)

Good Practice

« Betadoserates checked using MCNP; good results for HP
on skin; MCNP often > VARSKIN 3 for other geometries

s Human Performance « Reliability
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VARSKIN 4

« Beta dose calculation same as VARSKIN 3

 New photon calculation:

Point kernel method

Better model for buildup of CPE
Photon attenuation

Off-axis scatter

Numerical integration

17
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VARSKIN 4 Photon Calculation

COG TN-10-3006

« 6 radionuclides (Am-241, Co-57, Cr-51, Ba-137m, Co-60,
and Na-24)

 For DRPs on Skin, VARSKIN 4 to MCNAP4 ratio ranged
from 0.97 to 1.18

 For DRP on cover with a 2 mm air gap, VARSKIN 4 to
MCNAP4 ratio ranged from 1.03 to 3.44

« Results better than VARSKIN 3.1 for lower energy
photons, worse for higher energy photons

Other Results

 On covers, large drop in dose rate for small change in
distance

s Human Performance ¢ Reliability
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VARSKIN 4 Photon Calculation

Photon Dose Rate to 1 cm? (Gy/h per MBq)

Sudden Drop in Dose Rate for DRPs on Fabric

0.012

0.010

0.008

0.006

0.004

0.002

0.000
0.0001 0.001 0.01 0.1

Air Gap (mm)

0.0030

0.0025

0.0020

0.0015

0.0010

0.0005

Photon Dose Rate to 10 cm2(Gy/h per MBq)

0.0000

- @~ Air - Dose to 1 cm2 —e—Fabric - dose to 1 cm2 -~ Air - Dose to 10 cm2

Fabric - dose to 10 cm2
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Photon Dose Rate - Ba-137m



Sudden Drop in Dose Rate for DRPs on Fabric



Air - Dose to 1 cm2	0	0.01	1.0999999999999999E-2	1.2E-2	1.0500000000000001E-2	1.0699999999999999E-2	1.04E-2	1.03E-2	Fabric - dose to 1 cm2	0	0.01	1.0999999999999999E-2	1.2E-2	1.14E-2	1.14E-2	7.0000000000000001E-3	7.0000000000000001E-3	Air - Dose to 10 cm2	0	0.01	1.0999999999999999E-2	1.2E-2	1.4400000000000001E-3	1.47E-3	1.4300000000000001E-3	1.4300000000000001E-3	Fabric - dose to 10 cm2	0	0.01	1.0999999999999999E-2	1.2E-2	1.65E-3	1.65E-3	1.08E-3	1.08E-3	Air Gap (mm)





Photon Dose Rate to 1 cm2 (Gy/h per MBq)





Photon Dose Rate to 10 cm2 (Gy/h per MBq)











Small air Gap

				VARSKIN 5.3 Dose Rate Calculations for Photons



						1 MBq Ba-137m

						Air				Fabric (26 mg cm-2)

						g Dose Rate (Gy/h per MBq)				g Dose Rate (Gy/h per MBq)

		Fabric (mg cm-2)		Air Gap (mm)		1 cm2		10 cm2		1 cm2		10 cm2

		0		0		1.05E-02		1.44E-03		1.14E-02		1.65E-03

				0.01		1.07E-02		1.47E-03		1.14E-02		1.65E-03

				0.011		1.04E-02		1.43E-03		7.00E-03		1.08E-03

				0.012		1.03E-02		1.43E-03		7.00E-03		1.08E-03
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Photon Dose Rate - Ba-137m Log



Sudden Drop in Dose Rate for DRPs on Fabric



Air - Dose to 1 cm2	1E-4	0.01	1.0999999999999999E-2	1.2E-2	0.03	0.1	0.3	1	2	5	10	1.0500000000000001E-2	1.0699999999999999E-2	1.04E-2	1.03E-2	1.01E-2	9.3399999999999993E-3	7.7799999999999996E-3	4.8999999999999998E-3	3.0400000000000002E-3	1.1100000000000001E-3	3.7199999999999999E-4	Fabric - dose to 1 cm2	1E-4	0.01	1.0999999999999999E-2	1.2E-2	0.03	0.1	0.3	1	2	5	10	1.14E-2	1.14E-2	7.0000000000000001E-3	7.0000000000000001E-3	6.8999999999999999E-3	6.5700000000000003E-3	5.7600000000000004E-3	3.9399999999999999E-3	2.5600000000000002E-3	9.9099999999999991E-4	3.4600000000000001E-4	Air - Dose to 10 cm2	1E-4	0.01	1.0999999999999999E-2	1.2E-2	0.03	0.1	0.3	1	2	5	10	1.4400000000000001E-3	1.47E-3	1.4300000000000001E-3	1.4300000000000001E-3	1.41E-3	1.34E-3	1.17E-3	8.4900000000000004E-4	6.3000000000000003E-4	3.6099999999999999E-4	1.93E-4	Fabric - dose to 10 cm2	1E-4	0.01	1.0999999999999999E-2	1.2E-2	0.03	0.1	0.3	1	2	5	10	1.65E-3	1.65E-3	1.08E-3	1.08E-3	1.07E-3	1.0399999999999999E-3	9.4600000000000001E-4	7.2999999999999996E-4	5.71E-4	3.39E-4	1.84E-4	Air Gap (mm)





Photon Dose Rate to 1 cm2 (Gy/h per MBq)





Photon Dose Rate to 10 cm2 (Gy/h per MBq)











Larger Air Gap

				VARSKIN 5.3 Dose Rate Calculations for Photons



						1 MBq Ba-137m

						Air				Fabric (26 mg cm-2)

						g Dose Rate (Gy/h per MBq)				g Dose Rate (Gy/h per MBq)

		Fabric (mg cm-2)		Air Gap (mm)		1 cm2		10 cm2		1 cm2		10 cm2

		0		0.0001		1.05E-02		1.44E-03		1.14E-02		1.65E-03

				0.01		1.07E-02		1.47E-03		1.14E-02		1.65E-03

				0.011		1.04E-02		1.43E-03		7.00E-03		1.08E-03

				0.012		1.03E-02		1.43E-03		7.00E-03		1.08E-03

				0.03		1.01E-02		1.41E-03		6.90E-03		1.07E-03

				0.1		9.34E-03		1.34E-03		6.57E-03		1.04E-03

				0.3		7.78E-03		1.17E-03		5.76E-03		9.46E-04

				1		4.90E-03		8.49E-04		3.94E-03		7.30E-04

				2		3.04E-03		6.30E-04		2.56E-03		5.71E-04

				5		1.11E-03		3.61E-04		9.91E-04		3.39E-04

				10		3.72E-04		1.93E-04		3.46E-04		1.84E-04





				0.0001		1.00E+00		1.00E+00		1.00E+00		1.00E+00

				0.01		1.02E+00		1.02E+00		1.00E+00		1.00E+00

				0.011		9.90E-01		9.93E-01		6.14E-01		6.55E-01

				0.012		9.81E-01		9.93E-01		6.14E-01		6.55E-01

				0.03		9.62E-01		9.79E-01		6.05E-01		6.48E-01

				0.1		8.90E-01		9.31E-01		5.76E-01		6.30E-01

				0.3		7.41E-01		8.13E-01		5.05E-01		5.73E-01

				1		4.67E-01		5.90E-01		3.46E-01		4.42E-01

				2		2.90E-01		4.38E-01		2.25E-01		3.46E-01

				5		1.06E-01		2.51E-01		8.69E-02		2.05E-01

				10		3.54E-02		1.34E-01		3.04E-02		1.12E-01



&F: &A		&D





VARSKIN 5 — Changes from VARSKIN 4

Photon Model unchanged from VARSKIN 4
Uses Berger point kernel

New Specific Absorbed Dose Distribution values
based on EGSnrc Monte Carlo calculations that
extended to further distances than the previous
calculations

Two SADD scaling models
Effective Z for source material
Comprehensive Monte Carlo backscatter model

Backscatter factors applied to each dose kernel

20
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VARSKIN 5 — Testing and Issues

Anspach and Hamby (VARSKIN 5.3 Electron Model)

Primarily testing contamination directly on skin: VARSKIN
5.3 results in mostly good agreement

For contamination on clothing (Taylor et al) agreement not
so good

Dubeau et al (VARSKIN 5.3 vs. MCNP)

For contamination on skin, good agreement at lower beta
energies (Co-60), V 5.3 < MCNP for higher energies

With clothing and/or air gaps, V 5.3/MCNP in range of 0.52
to 0.95

21
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VARSKIN 6

« Selection of Radionuclide Database (ICRP 38 or ICRP
107)

e N-16

« Option to include decay progeny

* Only the total dose rates printed

* Minor bug fixes

22
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VARSKIN — Remaining Issues

Beta contamination on skin at higher energies, and on
clothing with or without air gaps

Sudden decrease in photon dose rate with particle on
cover and air gap going from 0.01 to 0.011 mm

For photons, dealing with change from no air gap to
air gap

Radial dose distribution information

23
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Kinds of Errors

Model doesn’t cover full range of possible values
Software does not adequately code model

Inaccurate numerical methods (too few averaging
points, single precision)

Testing tests only/largely functionality
Self-checking not rigorous

Point kernel methods/results used to test
VARSKIN point kernel — method not independent

Lack of independent software coding review

24

s Human Performance ¢ Reliability



When to Use or Not Use VARSKIN

VARSKIN ideal for rapid evaluation of many
scenarios, quick guide for evaluating big
doses

Caution required, especially for cases with
clothing and air gaps

Good check for Monte Carlo results

Acceptable for contamination directly on
skin, but apply caution
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Conclusions

VARSKIN has had issues obtaining accurate
results in past, better now

VARSKIN very easy to use
 Beware of it being a crutch

* “It has been tested, so it must be OK”

VARSKIN useful for benchmarking other results,
especially Monte Carlo results

VARSKIN 7

26
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