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Decay Data
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ICRP 107

• 1252 radionuclides 
• .NDX file

• entrance into the larger radiation 
(RAD) and spectral (BET) files. 
The NDX file 

• contains one record for each 
nuclide

• contains progeny info
• .RAD file

• data on the energy and yield of 
each radiation emitted in nuclear 
transformations of the 
radionuclide

• .BET file
• contains the beta spectrum for 

each beta emitter of the ICRP-07 
collection
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ICRP 38
• 838 radionuclides
• .IDX file

• entrance into the larger 
radiation (DAT) and spectral 
(BET) files. The IDX file 

• contains one record for each 
nuclide

• contains limited progeny info
• .DAT file

• data on the energy and yield of 
each radiation emitted in 
nuclear transformations of the 
radionuclide

• .BET file
• contains the beta spectrum for 

each beta emitter of the ICRP-
38 collection



Issues with plug and play method

• 107 files formatted differently that 38
• Creates problem with GUI

• User library will be dependent on user selection
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Required changes…

• Reformatted ICRP-107 files – minimized GUI changes
• 750,000+ lines 
• Revised GUI to provide user option
• Revised GUI to ensure accurate user library
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Progeny Inclusion
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Prior to VARSKIN 6…

• Decay Progeny were not included
• Examples: 

• Cs-137 dose did not contain Ba-137m 662 KeV gamma
• Sr-90 dose did not include Y-90 beta and electrons

• Complicated dose calculations for longer decay chains
• Ra-226
• DU
• Th-232

• External application of branching ratios
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Decay Progeny: ICRP 38 IDX file
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Parent Progeny 1 
location

Progeny 1 
Branching Ratio

Progeny 2 
location

Progeny 2 
Branching Ratio

Progeny 3 
location

Progeny 3 
Branching Ratio



Decay Progeny: ICRP 107 IDX file
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Parent Progeny 1 
location

Progeny 1 
Branching Ratio

Progeny 2 
location

Progeny 2 
Branching Ratio

Progeny 3 
location

Progeny 3 
Branching Ratio



Progeny List Construction

• Parent has up to three branches
• Ac-226

• Th-226 (8.3000E-01)
• Ra-226 (1.7000E-01)
• Fr-222 (6.0000E-05)

• All branches of parent traced to stability
• Branching Ratio threshold set to 1.00E-02

• Second and third branch of each generation traced one additional 
generation
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Progeny List example…
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Required changes…
• Create the lists for each decay set
• Revise sadcalc.exe to create single scaled absorbed dose distribution 

data set (SADD) containing parent and all progeny
• Single average energy and X90 distance
• Incorporates all betas and electrons (above yield threshold)
• Creates list of gamma lines to be used in gamcalc.exe

• Revise GUI to provide user option for both decay sets
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Example #1

• 1 uCi point source
• 10 cm2 dose averaging area
• 60 min exposure time
• No air gap
• No cover
• 7 mg/cm2

• Cs-137 [7.42] 38 +  Ba-137m [7.42] 38
• Cs-137 [7.42] 107 +  Ba-137m [7.42] 107
• Cs-137 [7.42] 107D
• Cs-137 [7.42] 38D
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Cs-137/Ba-137m Results

Method Beta Dose  (rad) Gamma Dose (rad) Total Dose (rad)

ICRP 38 Parent 4.92E-01 0.00E+00 4.92E-01

ICRP 38 Progeny 5.66E-02 5.34E-03 6.19E-02

ICRP 38 Total 5.48E-02 5.34E-03 5.54E-01
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Cs-137/Ba-137m Results

Method Beta Dose  (rad) Gamma Dose (rad) Total Dose (rad)

ICRP 38 Parent 4.92E-01 0.00E+00 4.92E-01

ICRP 38 Progeny 5.66E-02 5.34E-03 6.19E-02

ICRP 38 Total 5.48E-02 5.34E-03 5.54E-01

ICRP 38D 5.49E-02 5.05E-03 5.55E-01
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Cs-137/Ba-137m Results

Method Beta Dose  (rad) Gamma Dose (rad) Total Dose (rad)

ICRP 38 Parent 4.92E-01 0.00E+00 4.92E-01

ICRP 38 Progeny 5.66E-02 5.34E-03 6.19E-02

ICRP 38 Total 5.48E-02 5.34E-03 5.54E-01

ICRP 38D 5.49E-02 5.05E-03 5.55E-01
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⁄5.05𝐸𝐸 − 03 5.34𝐸𝐸 − 03 = 𝟗𝟗.𝟒𝟒𝟒𝟒𝟒𝟒 − 𝟎𝟎𝟎𝟎



Cs-137/Ba-137m Results

Method Beta Dose  (rad) Gamma Dose (rad) Total Dose (rad)

ICRP 38 Parent 4.92E-01 0.00E+00 4.92E-01

ICRP 38 Progeny 5.66E-02 5.34E-03 6.19E-02

ICRP 38 Total 5.48E-02 5.34E-03 5.54E-01

ICRP 38D 5.49E-02 5.05E-03 5.55E-01

ICRP 107 Parent 4.93E-01 0.00E+00 4.93E-01

ICRP 107 Progeny 5.73E-02 5.34E-03 6.26E-02

ICRP 107 Total 5.50E-02 5.34E-03 5.55E-01

23



Cs-137/Ba-137m Results

Method Beta Dose  (rad) Gamma Dose (rad) Total Dose (rad)

ICRP 38 Parent 4.92E-01 0.00E+00 4.92E-01

ICRP 38 Progeny 5.66E-02 5.34E-03 6.19E-02

ICRP 38 Total 5.48E-02 5.34E-03 5.54E-01

ICRP 38D 5.49E-02 5.05E-03 5.55E-01

ICRP 107 Parent 4.93E-01 0.00E+00 4.93E-01

ICRP 107 Progeny 5.73E-02 5.34E-03 6.26E-02

ICRP 107 Total 5.50E-02 5.34E-03 5.55E-01

ICRP107D 5.51E-02 5.04E-03 5.56E-01
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Example #2

• 1 uCi point source
• 10 cm2 dose averaging area
• 60 min exposure time
• No air gap
• No cover
• 7 mg/cm2

• Sr-90 [7.42] 38 +  Y-90 [7.42] 38
• Sr-90 7 [7.42] 107 +  Y-90 [7.42] 107
• Sr-90 [7.42] 107D
• Sr-90 [7.42] 38D

25



Sr-90/Y-90 Results

Method Beta Dose  (rad) Gamma Dose (rad) Total Dose (rad)

ICRP 38 Parent 5.13E-01 0.00E+00 5.13E-01

ICRP 38 Progeny 5.98E-01 0.00E+00 5.98E-01

ICRP 38 Total 1.11E+00 0.00E+00 1.11E+00

ICRP 38D 1.11E+00 0.00E+00 1.11E+00

ICRP 107 Parent 5.13E-01 0.00E+00 5.13E-01

ICRP 107 Progeny 5.98E-01 0.00E+00 5.98E-01

ICRP 107 Total 1.11E+00 0.00E+00 1.11E+00

ICRP107D 1.11E+00 0.00E+00 1.11E+00
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Another example…
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Final Results
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Minor Changes
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