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Verification Study Charge for: 
U.S. Environmental Protection Agency (EPA), “Dose Compliance Concentrations for 
Radionuclides in Buildings” (BDCC) electronic calculator. 
Background: 
EMS, under contract EP-W-13-016 with EPA’s Office of Superfund Remediation and 
Technology Innovation, has been requested to obtain an external, independent verification study 
of the online BDCC electronic calculator.  
The purpose of this recommended BDCC calculation tool is to assist risk assessors, remedial 
project managers, and others involved with risk assessment and decision-making at sites with 
contaminated buildings. The BDCC electronic calculator presents standardized exposure 
parameters and equations that should generally be used for calculating radionuclide Dose 
Compliance Concentrations for both resident and indoor worker exposure scenarios. 
Charge: 
According to EPA’s Guidance on the Development, Evaluation, and Application of 
Environmental Models (2009), verification refers to activities designed to confirm that the 
mathematical framework embodied in the module is correct and that the computer code for a 
module is operating according to its intended design so that the results obtained compare 
favorably with those obtained using known analytical solutions or numerical solutions from 
simulators based on similar or identical mathematical frameworks. 
The purpose of this verification study is to ascertain that the computer code has no inherent 
numerical problems with obtaining a solution and that the code performs according to design 
specifications. In addition, the study will ensure that the equations are programmed correctly and 
that sources of error, such as rounding, are minimal. We are enlisting two subject matter experts 
for this verification study. Your comments and recommendations will be used to revise the 
calculator so that the final version will reflect sound technical information and guidance. 
As an independent tester of the BDCC electronic calculator, we ask you to examine the 
numerical technique in the computer code for consistency with the conceptual model and 
governing equations.  
When your verification study is complete, e-mail your comments to EMS’s Project Manager 
(Abraham Parker, abraham.parker@emsus.com ) on or before May 31, 2016. Please submit your 
comments in Microsoft Word and reference each comment to a specific step in the calculator and 
equation (https://epa-bdcc.ornl.gov/bdcc_equations.html). For specific comments or text edits on 
the user’s guide, you may copy and paste text into Microsoft Word and indicate edits or 
comments using track changes or the comments feature. Please do not hand write your 
comments. 
How to Use the Calculator: 
The BDCC calculator is available at https://epa-bdcc.ornl.gov/, and the User’s Guide is available 
at https://epa-bdcc.ornl.gov/bdcc_users_guide.html. To summarize, 
Step 1 Select an exposure scenario. The BDCC calculator has nine exposure scenarios each for:  

1. Resident 
2. Indoor Worker 

 
Step 2 Select media. The BPRG calculator has three media 

1. Settled Dust 
2. Ambient Air 
3. 3-D external exposure 

http://www.epa.gov/crem/library/cred_guidance_0309.pdf
http://www.epa.gov/crem/library/cred_guidance_0309.pdf
mailto:abraham.parker@emsus.com
https://epa-bdcc.ornl.gov/bdcc_equations.html
https://epa-bdcc.ornl.gov/
https://epa-bdcc.ornl.gov/bdcc_users_guide.html


Step 3 Select BDCC type ─ either “Defaults” (in which case the runs use a pre-determined set of 
default input parameters) or “Site-Specific” (in which case the user can change some of the input 
parameters).  
Step 4 Select either "yes" or "no" for a dose output 
Step 5 Choose to have your results in either picocuries, which are the units usually used in the 
United States, or in becquerels which most of the rest of the world uses. 
Step 6 Select which ICRP Publication rule to follow. Users of this calculator tool should choose 
the dose conversion factors (DCFs) (International Commission on Radiological Protection 
(ICRP) 30, 60 or 107) required by the ARAR. If DCFs are not specified within the regulation 
(for example, the Code of Federal Regulations for a federal standard that is being complied with 
as an ARAR), then users should generally choose ICRP 107 DCFs. This recommendation is 
consistent with the guidance contained in "Use of IRIS Values in Superfund Risk Assessment" 
(OSWER 9285.7-16) for EPA to evaluate dose based upon its best scientific judgment. 
Step 7 Select one or more isotopes (or select “All”) for which you want to develop PRGs. Some 
of the radionuclides and radioactive decay chain products are designated with the suffix "+D" to 
indicate that cancer risk estimates for these radionuclides include the contributions from their 
short-lived decay products, assuming secular equilibrium. 
The decay chain for +D radionuclide ends in 100 years. 
The equations used in the calculator are listed at https://epa-bdcc.ornl.gov/bdcc_equations.html. 
There are approximately 28 equations used in the calculator. 
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Technical Memorandum 
 
Author: Shiya Wang 
Subject: Verification Study Results for the EPA BDCC electronic calculator 
Date: May 28, 2016 
 
 
This memo is to report the verification study results and to provide comments or suggestions that could 
be used to revise the U.S. Environmental Protection Agency (EPA), “Dose Compliance Concentrations 
for Radionuclides in Buildings” (BDCC) electronic calculator and the User's Guide.  
 
Purpose of the Verification Study: 
 
This verification study is to examine the numerical technique in the electronic calculator to: 
 

1. Ensure that the equations are programmed correctly;  
 

2. Verify that the electronic calculator is consistent with the conceptual model and governing 
equations; and 

  
3. Provide comments or suggestions that could be used to revise the calculator and the User's 

Guide. 
 
Summary of the Verification Study: 
 
I conducted the verification study for the BDCC electronic calculator during May 4 to May 25, 2016, 
which included the following steps: 
 

1. Creating an independent calculator:  I programmed the equations listed in the BDCC User's 
Guide using the Microsoft Excel for Mac, Version 14.1.4, as an independent calculator. 

 
2. Using both my independent calculator and the BDCC electronic calculator, I computed the 

BDCCs for each exposure scenario (resident and indoor worker) and each media (settled dust, 
ambient air, and 3-D direct external exposure) with the default values for all parameters in the 
equations. Then, I compared the outputs between the two calculators. This step was to verify 
that the equations are programmed consistently between the governing equations in the BDCC 
User's Guide, my independent calculator, and the BDCC electronic calculator.  

 
3. Again using both calculators, I computed the BDCCs for each exposure scenario, each media, 

and each ICRP rule by testing various values for each parameter in the equations. Then, I 
compared the outputs between the two calculators. I also examined the outputs from the BDCC 
electronic calculator by changing the input parameters to see if the outputs were changed 
correctly with different inputs. This step was to further verify that the equations are 
programmed correctly and that the sources of error, such as rounding, are minimal.  

 
4. Finally, I examined the dose calculations and the conversions for pCi – Bq and mass basis 

BDCCs in the BDCC electronic calculator, for each exposure scenario, each media, and each 
ICRP rule.   



 Results of the Verification Study: 
 
After conducting the steps described above, I have the following findings:  
 

1. Overall, the BDCC electronic calculator is programmed correctly and consistently with the 
conceptual model and the governing equations as described in the BDCC User's Guide. 

 
2. The numerical conversion between the pCi and Bq in the BDCC electronic calculator is 

incorrect. (Comment Item 1 below) 
 

3. The DCF values were retrieved incorrectly from the reference document, ORNL 2014c 
(Calculation of Slope Factors and Dose Coefficients and appendix, Center for Radiation 
Protection Knowledge. September 2014). The DCF values in the BDCC electronic calculator 
seem to be directly taken from ORNL 2014c without taking into account the difference in the 
DCF units between the BDCC calculator and ORNL 2014c. Unit conversions should be 
conducted. (Comment Item 2 below) 

 
4. The BDCC unit conversion to a mass basis in the BDCC electronic calculator is done 

incorrectly and not consistent with the equations listed in Item 11 of the “BDCC Frequently 
Asked Questions (FAQ)”.  (Comment Item 3 below) 

 
5. The dose calculation in the BDCC electronic calculator by selecting “Yes” on the “Select Dose 

Output” is done correctly. However, there are a few glitches. (Comment Item 4 below) 
 

6. There are a few other glitches in the BDCC electronic calculator. (Comment Item 5 – 12 below) 
 
The table below summarizes my specific comments regarding the findings Item 2, 3, 4, 5, and 6: 
 

 Location Comments 
1 BDCC electronic 

calculator, pCi – Bq 
conversion;  
 
This comment is true 
for all exposure 
scenario, media, 
BDCC Type, 
isotopes, and ICRP 
rules. 

I found that the BDCC output values when “Select Units” = “pCi” on 
the input page is selected are always equal to the BDCC output values 
when “Select Units” = “Bq” on the input page is selected. This occurs 
no matter which exposure scenario, media, BDCC Type, isotope, or 
ICRP rule is selected.  This does not make sense because 1 Bq = 27 
pCi; therefore, there should be a conversion factor of 27 between the 
output BDCCs using different units, assuming the same input dose 
limit (DL).  
 
For example, on the input page, select “Select Scenario” = “Resident”, 
“Select Media” = “Dust”, “Select BDCC Type” = “Defaults”, “Select 
Dose Output” = “No”, “Select Units” = “pCi”, “Select ICRP rule” = 
“107 – Center for Radiation Protection Knowledge”, “Select 
Individual Isotopes” = “Am-241”, then click “Retrieve”. The output 
ingestion BDCC (pCi/cm2) is 9.24E-03. Using a direct unit conversion 
of 1 Bq = 27 pCi, this means that the BDCC = 9.24E-03 pCi/cm2 = 
3.42 E-04 Bq/cm2.  
 
However, if we go back to the input page, change “Select Units” to 



“Bq” and click “Retrieve” again. The output ingestion BDCC 
(Bq/cm2) = 9.24E-03. I don’t think this is correct; the output BDCC 
(Bq/cm2) should be 3.42E-04 instead of 9.24E-03, to be consistent 
with the results obtained by selecting “pCi” unit with the same inputs.   
 
In order to verify the pCi – Bq conversion, I used my independent 
calculator and inputted DL = 1 mrem/yr or 1E-5 Sv/yr and ingestion 
DCF = 8.81E-4 mrem/pCi or 2.38E-7 Sv/Bq, I obtained ingestion 
BDCC = 9.24E-03 pCi/cm2 or 3.42 E-04 Bq/cm2.  This verified that 
the BDCC result using Bq unit should be 1/27 times of the BDCC 
result using pCi unit.  
 
There is another evidence indicating that the BDCC (Bq basis) should 
not be equal to the BDCC (pCi basis). Using the BDCC electronic 
calculator, the BDCC outputs (e.g., mg/kg; Bq unit selected) are 
always 27 times of the BDCC outputs (e.g., mg/kg; pCi unit selected). 
This does not make sense either because with the same DL, the BDCC 
values (e.g., mg/kg) should be the same no matter whether pCi or Bq 
is selected, assuming the same inputs. 
 
My suggestions:  
(1) The numerical calculations when Bq unit is selected should be 
checked to see how BDCC (Bq basis) outputs are obtained. It seems to 
me that in the BDCC electronic calculator, the BDCC outputs (Bq 
basis) are simply programmed to be equal to the BDCC outputs (pCi 
basis) for all exposure scenarios, media, isotopes, and ICRP rules. As I 
explained above, if this is the case, the program should be changed to 
have BDCC outputs (Bq basis) = 1/27 of the BDCC outputs (pCi 
basis).   
(2) An alternate way to calculate the BDCC outputs (Bq basis) is to 
calculate the BDCCs using the BDCC equations by converting the DL 
and DCF to Sv and Bq basis. However, this will be a more 
complicated route as the conversion for DL and DCF need to be 
accurate too. In fact, the current BDCC electronic calculator has an 
error on DCF (both pCi and Bq basis) (see Item 2 below). Therefore, I 
would suggest using the method described in Item (1) above.  
(3) When selecting “Select Units” = “Bq”, the DL in the user-provided 
input page and the output page should be listed as DL (dose limit) 
Sv/yr, instead of mrem/yr, to be consistent with all other SI units. And 
the default value of the DL in SI unit should be 1E-5 Sv/yr.  
 
Notes – I hope that I have explained this pCi-Bq conversion issue 
clearly. However, if not, please feel free to contact me so we can 
discuss this in more details.  

 
2 

BDCC electronic 
calculator, DCF 
values; 
 

The reference document, ORNL 2014c (Calculation of Slope Factors 
and Dose Coefficients and appendix, Center for Radiation Protection 
Knowledge. September 2014) provides the DCF values in the BDCC 
electronic calculator. However, the DCF units used in the BDCC 



This comment is true 
for all exposure 
scenario, media, 
BDCC Type, 
isotopes, and ICRP 
rules. 

electronic calculator and the ORNL 2014c are different and this 
difference was not taken into account.  
 
As an example, Table 2.1 and 2.2 below list the DCF values and units 
for Co-60 from these two sources (the values in red indicate wrong 
values that need to be corrected): 
 
Table 2.1: Co-60 DCF comparison for pCi basis unit 

Pathway DCF in BDCC Calculator DCF in ORNL 2014c 
Values Units Values  Units 

Ingestion 2.03E-5 mrem/pCi 2.03E-5 mrem/pCi 
Inhalation 1.22E-4 mrem/pCi 1.22E-4 mrem/pCi 

Air Submersion 2.22E4 mrem-m3/pCi-yr 2.22E4 mrem-cm3/pCi-yr 
External – gp 2.69 mrem-cm2/pCi-yr 2.69 mrem-cm2/pCi-yr 

External – 1cm 2.75 mrem-g/pCi-yr 2.75 mrem-g/pCi-yr 
External – 5cm 7.98 mrem-g/pCi-yr 7.98 mrem-g/pCi-yr 
External – 15cm 12.9 mrem-g/pCi-yr 12.9 mrem-g/pCi-yr 

External - infinite 15.4 mrem-g/pCi-yr 15.4 mrem-g/pCi-yr 
Table 2.1 shows that for air submersion, the units between the two 
sources are different; therefore, the DCF (mrem-m3/pCi-yr) in the 
BDCC calculator should be = 2.22E4 mrem-cm3/pCi-yr * (1 m/100 
cm)3 = 2.22E-2 mrem-m3/pCi-yr, instead of 2.22E4 as listed in the 
table above and in the BDCC electronic calculator.  

 
Table 2.2: Co-60 DCF comparison for Bq basis unit 

Pathway DCF in BDCC Calculator DCF in ORNL 2014c 
Values Units Values  Units 

Ingestion 5.49E-9 Sv/Bq 5.49E-9 Sv/Bq 
Inhalation 3.3E-8 Sv/Bq 3.3E-8 Sv/Bq 

Air Submersion 1.19E-13 Sv-m3/Bq-s 1.19E-13 Sv-m3/Bq-s 
External - gp 2.3E-15 Sv-cm2/Bq-s 2.3E-15 Sv-m2/Bq-s 

External – 1cm 1.47E-17 Sv-g/Bq-s 1.47E-17 Sv-m3/Bq-s 
External – 5cm 4.27E-17 Sv-g/Bq-s 4.27E-17 Sv-m3/Bq-s 
External – 15cm 6.91E-17 Sv-g/Bq-s 6.91E-17 Sv-m3/Bq-s 

External - infinite 8.24E-17 Sv-g/Bq-s 8.24E-17 Sv-m3/Bq-s 
Table 2.2 shows that the DCF for external-gp, 1cm, 5cm, 15cm, and 
infinite in BDCC calculator should not be simply equal to the ones in 
ORNL 2014c because they have different units. For 3D External-gp 
(same as the external exposure for dust) case, the BDCC (Sv-cm2/Bq-
s) in the BDCC calculator should be = 2.3E-15 Sv-m2/Bq-s * (100 
cm/1 m)2 = 2.3E-11 Sv-cm2/Bq-s.  As for 3D External-1cm, 5cm, 
15cm, and infinite cases, the conversions are not as simple between 
Sv-g/Bq-s and Sv-m3/Bq-s. However, one can simply convert the DCF 
(mrem-g/pCi-yr) to DCF (Sv-g/pCi-s) using the DCF values given in 
Table 2.1:  1 mrem-g/pCi-yr = 8.56E-12 Sv-g/pCi-s because 1 mrem = 
1E-5 Sv and 1 year = 3.15E7 seconds. Therefore, the DCF for 
external-1cm, 5cm, 15cm, and infinite in the BDCC calculator should 
be corrected to 2.35E-11, 6.83E-11, 1.1E-10, and 1.32E-10 Sv-g/pCi-s 
 
In conclusion, the DCF units in the BDCC electronic calculator and 
the ORNL 2014c are different; therefore, proper unit conversion 



should be conducted before using the DCF values provided in the 
ORNL 2014c. In particular, as shown above in Table 2.1 and 2.2, the 
following DCF values for all exposure scenario, all isotopes, and all 
ICRP rules should be corrected: DCF of air submersion for pCi basis, 
DCF of dust external exposure for Bq basis, and all 3D DCF values for 
Bq basis.  

 
3 

BDCC electronic 
calculator, BDCC 
mass basis (e.g., 
mg/kg) conversion;  
 
This comment is true 
for all exposure 
scenario, BDCC 
Type, isotopes, and 
ICRP rules. 

Item 11 of the “BDCC Frequently Asked Questions (FAQ)” document 
provides the equations and conversion factors to convert BDCC in 
pCi/g, pCi/cm2, and pCi/m3 to mg/kg, mg/cm2, or mg/m3, respectively: 
 
BDCC (mg/kg) = 2.8E-12 * Aw * T1/2 * BDCC (pCi/g)  
BDCC (mg/cm2) = 2.8E-15 * Aw * T1/2 * BDCC (pCi/cm2) 
BDCC (mg/m3) = 2.8E-15 * Aw * T1/2 * BDCC (pCi/m3) 
 
The above equations indicate that there are two conversion constants 
(2.8E-12 or 2.8E-15) depending on the units of the BDCCs.  However, 
in the BDCC electronic calculator, no matter which BDCC units are 
used (i.e., pCi/g, pCi/cm2, or pCi/m3), they are all converted to the 
mass basis BDCCs using the conversion constant of 2.8E-12. This is 
not correct and not consistent with the above equations as provided in 
Item 11 of the FAQ document.  
 
The table below lists the specific corrections needed for each media: 

Exposure Media Corrections 
Resident and 

Indoor worker 
Dust (1) The mass basis unit of the “Settled Dust BDCC” 

on the output page is listed as mg/kg. It should be 
corrected to mg/cm2. 
(2) The conversion constant programmed in the 
BDCC electronic calculator is 2.8E-12. It should be 
corrected to 2.8E-15.  

Resident and 
Indoor worker 

Air On the output page, there is no mass basis BDCC 
output. Mass basis BDCCs for “Total BDCC” and 
“Total BDCC (no decay)” should be calculated and 
added to the output page. The proper equation to use 
is: BDCC (mg/m3) = 2.8E-15 * Aw * T1/2 * BDCC 
(pCi/m3). 

Resident and 
Indoor worker 

3D On the output page, the conversion constant 
programmed to compute the “3-D External BDCC 
(ground plane) (mg/cm2)” is 2.8E-12. It should be 
2.8E-15 instead.  

The above corrections are needed no matter which option in the 
“BDCC Type”, “Select Dose Output”, “Select Units”, “Select ICRP 
rule”, and “Select Individual Isotopes” is selected.  

 
4 

BDCC electronic 
calculator, dose 
calculation;  
 
This comment is true 
for all isotopes and 
ICRP rules 

The numerical calculation for the dose output is done correctly when 
selecting “Yes” on the “Select Dose Output” from the input page. 
However, there are some glitches in the BDCC electronic calculator: 
 
(1) For both resident and indoor worker scenario and for all isotopes 
and all ICRP rules, after selecting “Select Media” = “Dust”, “Select 
Dose Output” = “Yes”, and “Select Units” = “pCi” on the input page 



and clicking on “Retrieve”, there will be an area where user can input 
“Media Concentrations” for Dust. The unit is listed as “Dust (pCi/)”. It 
should be corrected to “Dust (pCi/cm2)”. 
(2) For both resident and indoor worker scenario and for all isotopes 
and all ICRP rules, after selecting “Select Media” = “Air”, “Select 
Dose Output” = “Yes”, and “Select Units” = “pCi” on the input page 
and proceeding to the output page, there are no units listed for all dose 
outputs such as “Inhalation Dose”, “Total Dose” etc..  I would suggest 
adding the unit of “mrem” for each dose output.  
(3) Same comment as the Item (2) above but for “Select Media” = 
“3D”. In addition, there is no dose output at all for “Soil Volume 
Dose” even when an input concentration value is provided by the user.  
 
The above comments are also true for “Select Units” = “Bq” case. 

 
5 

BDCC electronic 
calculator, isotopes;  
 
This comment is true 
for all exposure 
scenario, media, 
units, and ICRP rules 

There are a few glitches in the BDCC electronic calculator when the 
following isotopes are selected: C-11, C-14, Hg-193, Hg-193m, Hg-
194, Hg-195, Hg-195m, Hg-197, Hg-197m, Hg-199m, Hg-203, I-120, 
I-120m, I-121, I-123, I-124, I-125, I-126, I-128, I-129, I-130, I-131, I-
132, I-132m, I-133, I-134, I-135, Ni-56, Ni-57, Ni-59, Ni-63, Ni-65, 
Ni-66, Ru-103, Ru-105, Ru-106, Ru-106+D, Ru-94, Ru-97, S-35, S-
38, Te-116, Te-121, Te-121m, Te-123, Te-123m, Te-125m, Te-127, Te-
127m, Te-129, Te-129m, Te-131, Te-131m, Te-132, Te-133, Te-133m, 
Te-134. 
 
(1) There are no BDCC outputs if any of the above isotopes is selected 
and “Select BDCC Type” = “Defaults”. This is true for all exposure 
scenarios, media, units, and ICRP rules.  
(2) There are no BDCC outputs if any of the above isotopes is selected 
and “Select BDCC Type” = “Site-Specific” with “Select Isotope Info 
Type” = “Database defaults”. This is true for all exposure scenarios, 
media, units, and ICRP rules. 
(3) Unlike the previous two cases, there are BDCC outputs if any of 
the above isotopes is selected and “Select BDCC Type” = “Site-
Specific” with “Select Isotope Info Type” = “User-provided”.  
However, after these selections and clicking on “Retrieve”, on the next 
page where users can provide their own DCF inputs, there are always 
two rows of DCF for the same isotope – one row with DCF values and 
one blank row. This is true for all exposure scenarios, media, units, and 
ICRP rules.  If simply leave the blank row as it is and then click on 
“Retrieve”, the BDCC outputs look normal when “Select Media” = 
“Dust” or “3D” was selected on the input page, but there will be no 
BDCC outputs if “Select Media” = “Air” was selected on the input 
page.  
 
The above glitches indicate that there is something wrong in the 
program when any of the above isotopes is selected.  

6 BDCC electronic On the page where users can provide their own values for each 



calculator, input 
parameters, tres, tiw, 
EDres, EDiw, when 
“Select BDCC Type” 
= “Site-specific” 
 
This comment is true 
for all units, isotopes, 
and ICRP rules 

parameter in the equation, there are a few glitches regarding tres, tiw, 
EDres, EDiw: 
 

Exposure  Media Comments 
Resident Dust 

and Air 
tres is not changeable and is not changed with 
any other parameters. Maybe it can be 
unlocked as a changeable parameter.  

Indoor 
Worker 

Dust The BDCC equation does not have EDiw; 
however, the output page (no matter which 
BDCC Type option is selected) still lists 
EDiw. Maybe it can be removed.  
 
tiw is not changeable and is not changed with 
any other parameters. Maybe it can be 
unlocked as a changeable parameter. 

Indoor 
Worker 

Air EDiw is listed as one of the inputs; maybe it 
can be removed, as the BDCC equation does 
not have EDiw.  
 
tiw is not changeable but is changed with 
EDiw. However, if EDiw is inputted as 0.0001 
or less, then tiw is always equal to 0 and there 
is no BDCC (decay) output. I would suggest 
removing EDiw and simply unlock tiw as a 
changeable parameter.  

Resident 3D The BDCC equation does not have EDres; 
however, the output page (when “BDCC 
Type” = “Defaults”) still lists EDres. Maybe it 
can be removed.  
 
tres is not changeable and is not changed with 
any other parameters. Maybe it can be 
unlocked as a changeable parameter. 

Indoor 
Worker 

3D The BDCC equation does not have EDiw; 
however, the output page (no matter which 
BDCC Type option is selected) still lists 
EDiw. Maybe it can be removed.  
 
EDiw is listed as one of the inputs; maybe it 
can be removed, as the BDCC equation does 
not have EDiw.  
 
tiw is not changeable but is changed with 
EDiw. However, if EDiw is inputted as 0.0001 
or less, then tiw is always equal to 0 and there 
are no BDCC outputs. I would suggest 
removing EDiw and simply unlock tiw as a 
changeable parameter. 

 



7 BDCC electronic 
calculator, the page 
when users can input 
their own parameters, 
after selecting “Select 
BDCC Type” = “Site-
specific”) and “Select 
Media” = “Dust”  

(1) The “Notes” right below the input parameters, Item 1 says “DCFs 
= ingestion dose conversion factor (mrem/pCi)”. It should be DCF0 
instead of DCFs to be consistent with the symbol used in anywhere 
else in the electronic calculator and the User’s Guide.  
 
(2) If “Select Isotope Info Type” = “User-provided” is further selected 
on the input page, then on the page where users can provide inputs of 
DCF: DCFx-gp should be changed to DCFext-gp to be consistent with the 
symbol used in anywhere else in the electronic calculator and the 
User’s Guide. 
 
The above two comments are true for both Resident and Indoor 
Worker exposure scenarios.  

8 BDCC electronic 
calculator, the page 
when users can input 
their own DCF 
values, after selecting 
“Select BDCC Type” 
= “Site-specific”) 
with “Select Isotope 
Info Type” = “User-
provided” and “Select 
Media” = “Air” 

DCFx-sub should be changed to DCFsub to be consistent with the symbol 
used in anywhere else in the electronic calculator and the User’s 
Guide. 
 
The above comment is true for both Resident and Indoor Worker 
exposure scenarios. 

9 BDCC electronic 
calculator, the page 
when users can input 
their own DCF 
values, after selecting 
“Select BDCC Type” 
= “Site-specific”) 
with “Select Isotope 
Info Type” = “User-
provided” and “Select 
Media” = “3D” 

DCFx-sv1, DCFx-sv5, DCFx-sv15, and DCFx should be changed to DCFext-

1cm, DCFext-5cm, DCFext-15cm, and DCFext-sv to be consistent with the 
symbols used in anywhere else in the electronic calculator and the 
User’s Guide. 
 
The above comment is true for both Resident and Indoor Worker 
exposure scenarios. 

10 BDCC electronic 
calculator, “Select 
Media” = “3D”, 
BDCC output page 

The output page lists “room factors” along with the BDCCs. However, 
they are called “Surface Factors” in the User’s Guide. Maybe one of 
them can be changed to match the other to be consistent.  

11 BDCC User’s Guide 
webpage 

The online User’s Guide after clicking “Open All Sections” is different 
than the “PDF of User’s Guide”. The “PDF of User’s Guide” appears 
to be an older version of the User’s Guide and contains many errors 
such as discrepancies in equation symbols. I am not listing all these 
errors here since it can be simply replaced with the newer version (the 
one when “Open All Sections” is selected).  

12 BDCC User’s Guide The inhalation equation of BDCCres_air_decay_inh contains “IFAres-adj”. 



(the online version 
when “Open All 
Sections” is selected). 
Section 4.1.2 

However, the equation right below the BDCCres_air_decay_inh equation 
uses the symbol, IFAr-adj”. It should be corrected to IFAres-adj. 
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2 EXECUTIVE SUMMARY 
Several different radionuclide combinations were used in verifying the calculations performed by the 30 
plus equations in the Dose Compliance Concentrations for Radionuclides in Buildings (BDCC) Calculator. 
The equations from the BDCC User Guide were entered onto an Excel spreadsheet and the calculations 
performed for the same radionuclides as were entered into the calculator.  

The on‐line calculator provides a rapid means for getting estimates of activity concentrations for 
remediation goals.  Both default and site specific variables can be input to the calculator providing 
excellent flexibility. 

 The values generated by Excel® spreadsheet and the on‐line calculator were compared using a criterion 
of less than 1 % difference as an acceptable result.  The equations used in the calculator are presented 
in the BDCC User Guide, however it is not possible to verify if the equations or constants presented in 
the user’s guide are identical to those used in the calculator since the calculator equations are not 
available for inspection by the user. This became an issue with certain calculations as it was evident that 
slightly different factors were used in the on‐line calculator as opposed to those stated in the User’s 
Guide. 

The presentation of the data output from the on‐line calculator was sometimes confusing and should be 
arranged differently so that it is easier for the user to identify the specific output they desire. The User’s 
Guide cannot be viewed directly from the web page when one clicks on the hyperlink titled “PDF of 
User’s Guide”.  The error message received is,  

“Cannot use Adobe Reader to view PDF in your web browser.  Reader will now exit. Please exit 
your browser and try again”  

 
However the PDF file can be downloaded.  
This needs to be stated directly on the website so that the downloaded version can be used directly. 

 
Finally the presentation of the equations both on‐line and in the BDCC User Guide is very poor.  
Attempting to show equations with embedded units and wrapping an equation over more than one line 
does not aid in understanding how the equation is to be employed.   
A more traditional approach to equation presentation should be used. 
 

   



3 DISCUSSION OF VERIFICATION METHOD AND RESULTS 
 

 

 

3.1 SPECIFIC COMMENTS RELATED TO THE USER’S GUIDE 
In order to determine if the calculator is working correctly, it was necessary to review the user’s 
guide to ensure that all the terms used were understood.  Several problems were noted both with 
the description of radioactive decay chains and how to use the calculator.  These are described in 
the sections below. 

3.1.1 Section 1  
Page 2 of the BDCC User’s Guide states the following: 

 
“ICRP Publication 107 (ICRP2008) provides an electronic database of the physical data 
 needed in calculation of radionuclide specific protection and operational quantities.” 

 
This publication is not the internationally accepted database for physical nuclear constants and 
should not be used. 
 
The values for nuclear constants such as half-life, energies and decay particle abundance can be 
found either in the Brookhaven National Laboratory Interactive Chart of the Nuclides 
(http://www.nndc.bnl.gov/chart/) or in the Laboratoire National de Henri Becquerel Database 
(http://www.nucleide.org/DDEP_WG/DDEPdata.htm).    
 
Inspection of these data bases shows that the half-lives used in several cases in the User’s Guide 
are not correct.  Some examples are 91mY, 76As, 99mTc and 99Mo. The differences in these half-
lives generates a difference in the final dose calculated for different pathways. 
 
The calculator may be used in several different ways.  The description on the calculator page that 
states “Using the BDCC calculator” is confusing. In step 2 it tells you to skip down to step 4 if 
you select “Default” BDCCs. When you get to step 4 it tells you to go back to step 3 if you want 
results in “dose”. 
To avoid confusion and simplify the calculator use there should be two separate directions that 
does not skip between steps: one for “default” and one for “user-specified”. 
 

 

3.1.2 Section 2.2.5 
This section discusses when to use the “+E” DCCs.  The guidance provided states: 

 “If the isotopes are found to be in secular equilibrium, the +E DCC values for the parent  

NOTE: Typed sentences in bolded italics denote areas of discrepancy or 
areas for need of improvement. 



    should be used for the parent and the daughters included in the +E can be ignored”. 
 

This sentence should be rephrased as follows: 

 “If the isotopes are found to be in secular equilibrium, the +E DCC values for the parent   
            should be used as it includes the DCC values for all of the progeny in secular equilibrium  
                                                                        with the parent.” 
 
 

The guide describes using the knowledge of whether or not secular equilibrium has been 
established.  However it does not describe when: During sampling, transport, start of sample 
analysis, 100 year time frame, residence in the human body? The equations to make the proper 
estimate of "secular equilibrium" may be quite complex depending upon which time phase of the 
process is being discussed.  The calculator does one calculation, which one is it?  When this 
question was sent to the EPA representative the following answer was received: 

“The date of sampling is important. If the analysis was done years ago, many daughters 
could be gone. The risk assessor should be able to adjust for this. In general the BDCC is 
a static tool designed dose assessments in year zero.  The +D provides PRGs with the 
peak dose for the isotope and selected daughters over the next 100 years and the +E 
provides the PRG for peak dose for the isotope and selected daughters over the next 1,000 
years” 

 

x The second statement is incorrect. Progeny of parents from secular equilibrium grow-in with 
time.  If the calculator only deals with secular equilibrium, the daughters will always be 
present if secular equilibrium was established at the time of sampling.  Thus very specific 
guidance is needed here as the acquiring of secular equilibrium by radionuclides is very 
complicated and will vary significantly depending upon the specific radionuclides involved.  
Secular equilibrium in some cases may occur between the time of sampling and the time of 
analysis   Additionally the equations required for either decay correction or in-growth are 
affected by many different physical and chemical parameters between the time of sampling, 
transport, and analysis.  This is especially true when radon is part of the decay chain as 
shown in the example discussed in the next paragraph. 

x If the BDCC is designed as “a static tool designed for dose assessment in year zero”, this 
needs to be more clearly stated and examples of what “year zero” is should be provided as 
this may be different depending upon whether there is a current incident, or a long-standing 
remediation site. 

x The concept of secular equilibrium is the only one used.  Radionuclides such as 143Ce and 
143Pr or 147Nd and 147Pm that are “no equilibrium” cases have ingrowth over days to years 
that are significant.  Ba-140 (t1/2= 12.75 d) is within transient equilibrium with 140La (t1/2= 
1.68 d) within about 6 days. This is a specific example of the difficulty in using this 
calculator as the analysis can take place days after sampling and decay correction to time 
zero depends on many factors.   



x Radionuclides with short lived daughters that generate a transient equilibrium do not have a 
mechanism for calculating dose based on the equilibrium concentrations.  Two examples of 
this are 99Mo/99mTc and132Te/132I.  In both cases the radionuclides will rapidly come into 
equilibrium with the parent between the time of sampling and analysis.  It does not appear 
that such a situation is effectively covered in the on-line software. 

Paragraph 3 in this section has information that does not make sense. It states the following: 

“Even though the decay chain of 228Th is long there is no dose coefficient because the 
activity of any progeny after 100 years of chain ingrowth was less than 90 % of the 

 parents activity” 
 

The 228Th half-life is 1.9 years and 224Ra the first progeny has a half-life of 3.6 days. Thus they 
achieve secular equilibrium within about 28 days. The first progeny of 224Ra is 220Rn with a half-
life of only 56 seconds; subsequent progeny are short lived as well.  Thus the activity of all 
progeny are equal to that of the parent 228Th within that same 28 days.  Thus the sum of all 
progeny activity will be six times the activity of the parent, and thus much larger than 90 %.  
Additionally applying this example for the 100 year case is not a good idea since within 20 years 
the 228Th and its progeny will have decayed away to an inconsequential amount. 

The same paragraph refers to the decay of 137Cs to 137mBa.  It is unclear in the discussion which 
activity is being considered with regards to the decay of Cs-137: beta emission (two different 
energies), gamma (one single gamma ray), conversion electrons or x-rays?  Isn't it the 
contribution from dose that we are concerned with?  

While the derivation of these DCF values may be in the reference documents, a short paragraph 
in the user’s guide needs to identify the general process. 

Using the term “activity”, instead of “dose”, in this paragraph does not appear to be in accord 
with the purpose of the calculator.  

If the term “activity” is to be used, it should be corrected to read “activity concentration”.   

The table that appears in Section 2.2.6 has incorrect half-lives for both 137Cs and 228Ra (they 
should be 30.08 years and 5.76 years, respectively).  It is also unclear why there should be two 
designations for 137Cs; +D and +E.  The half-life of 137mBa is only 2.6 minutes thus secular 
equilibrium is within ten minutes.  In the paragraph following the table, there is a description of 
how isomeric states are differentiated.  The description is in disagreement with most frequently 
used method for differentiating these states. Higher energy isomeric states (no longer referred to 
as metastable states) are by convention denoted with numerical suffixes not successive letters. 
 

3.1.3 Section 4.1  
In the equations on‐line there is a discrepancy in the terms used with those in the User’s Guide.  

x For ingestion DCFs is DCF0.  
x For contaminated building materials BDCC  
x DCFext‐sv is DCFext  



o FSURF is  FSURFsv 
o FSURF1cm is FSURF 

 

With the number of abbreviated constants these two formats must agree.  Also since the equations in 
the calculator are not visible to the user, there is no way of knowing which term is actually being used if 
the discrepancy is not corrected.  

This needs to be corrected so that the equations in both locations have the identical parameter 
designations, and they match what parameter is used in the calculator. 

The equations presented in the BDCC User Guide (section 4.1) have two derived constants, IFDres‐adj and 
IRDiw which are calculated and then used in the calculator. These were verified as correct as shown in 
Figure 1. 

 

Figure 1. Excerpt from Spreadsheet Used in Verification of Ingestion IFDres‐adj and IRDiw  

IRDiw  FTSSh  ETiw,h  FTSSs  SE  SAiw  FQiw 

1.76E+02 5.00E‐01 4.00E+00 1.00E‐01 5.00E‐014.90E+013.00E+00

  

FTSSh  EFres‐c 
ETres‐
c,h  FTSSs 

ETres‐
c,s  SE  AAFres‐c 

0.5  350 6 0.1 10 0.5  0.23
IFDres‐adj  123025 

 

The equation presentation should be in a more traditional format.  Using more than a single line to 
present the equation and the addition of the units with the symbols within the equations make them 
difficult to read and interpret.   

x Using only the symbols in the equation, and then following the description of each symbol with 
their units will help in the visualization and understanding of the equation. 

x The images of the equations in the on‐line calculator are fuzzy.  This is perhaps an issue with 
using an image copy versus a direct character copy effect.  This could be improved. 

This section (and Section 4.2.4 as well) contains 5 equations for calculations involving 3‐D exposure 
(ground plane, 1 cm, 5 cm, 15 cm, and soil).  There does not appear to be a method for computing dose 
values for soil even though constants are listed on the template and an input box is provided for soil 
values.  This set up is very confusing (see figure below). 

 

 

 



Figure 2. Screen Shot of the BDCC Calculator Media Concentration Page 

BDCC Calculator 

Media Concentrations 

If a concentration is missing for a particular medium, put a "." (dot or period) in the input 
field. 

Radionuclide 

External 
Exposure 

1 cm 
(pCi/g) 

External 
Exposure 

5 cm 
(pCi/g) 

External 
Exposure 

15 cm 
(pCi/g) 

External 
Exposure 

Ground Plane 
(pCi/cm2) 

Soil? 
(pCi/g) 

Ac-228  
XXXXX?

 
 
Alternate External Exposure  
 

  This input page needs to be corrected. 

Section 4.2.4 makes reference to ‘resident dose’ between the two picture sets, when in fact this section 
is for the indoor worker.    This reference needs to be corrected. 

4 VALIDATION OF CALCULATIONS 
Attachment I has tables that compare the results of the on‐line computation versus the results 
generated via excel spreadsheet, using the equations provided on‐line.  In the case of the Exposure to 
Dust on Settled Surfaces for the indoor worker, the on‐line calculator’s equation has the factor for the 
decay constant missing in the denominator of the equation. The table for this comparison in Attachment 
I shows this as a large discrepancy.  However when the decay constant is input into the denominator of 
the on‐line calculator result the recalculated value agrees with the spreadsheet result obtained.   

The on‐line equation for “Exposure to Dust on Settled Surfaces for indoor workers” must be corrected.



5 CONCLUSIONS 
The on‐line BDCC Calculator provides a rapid means for estimating the radionuclide activity 
concentrations for many different scenarios regarding potential exposure to residents or indoor 
workers. It also has the flexibility for inputting other than default parameters for certain equation 
variables. This provides a great deal of flexibility in the utility of the calculator. 

However there are many areas where this tool and the BDCC User Guide can be improved so that a new 
user can put it to use rapidly and be confident that the output values are correct. The suggestions for 
improvement/editing are noted in bolded italics in the text above and also in the Attachment I. 

   



 

 

 

 

 

 

6 ATTACHMENT I 
 

Comparison of On‐line Calculator to Spreadsheet results



7 RESIDENT DOSE FOR SETTLED DUST (INGESTION) 
The percent difference between on‐line results and those independently calculated on spreadsheet were well within the 1 % acceptance 
criterion. 

Radionuclide BDCCres_dust_ing  DL (mrem/year)Ind calc  DL (mrem/year)on‐line  % Difference 

As-76 1.00E+02  4.09E‐01  4.09E‐01  ‐3.38E‐02 

Ba-140 5.00E+02  4.16E+01  4.17E+01  ‐1.69E‐01 

La-140 5.75E+02  4.63E+00  4.63E+00  ‐3.22E‐02 

Mo-99 2.40E+02  9.17E‐01  9.17E‐01  ‐1.34E‐02 
   



 

8 RESIDENT DOSE FOR AIR  
The following tables for resident inhalation and external exposure show that the independent calculation and the on‐line calculator agree to 
within 1 %.   

Both the parents and progeny in the 140Ba/140La and the 99Mo/99mTc transient relationships are independent.  Thus the time of analysis with 
respect to “time zero” becomes very important since they reach equilibrium within a short time period.  If transient equilibrium had not been 
established prior to sampling of the materials, the gamma spectrometry software that performs these analyses is not be able to accurately 
calculate the activity of each progeny at “time zero”.  For such transient equilibrium pairs (there are many including naturally occurring 
radionuclides) some additional guidance in the User’s Guide would allow practitioners to better assess how to handle this type of situation. 

 

Inhalation (with Half‐life decay) 

BDCCres_dust_inh  DL (mrem/year)Ind calc DL (mrem/year)on‐line % Difference
As‐76   100  8.88E‐03 8.91E-03 ‐2.93E‐01
Ba‐140   500  3.77E+00 3.77E+00 5.02E‐03
La‐140   575  1.18E‐01 1.18E-01 ‐4.14E‐02
Mo‐99   240  6.81E‐02 6.81E-02 3.64E‐02

 

 

 

Inhalation (without Half‐life decay) 

BDCCres_air_nodecay_inh  DL (mrem/year)Ind calc DL (mrem/year)on‐line % Difference
As‐76   1200  2.51E+01 2.51E+01 ‐1.89E‐01
Ba‐140   100  1.49E+01 1.49E+01 2.01E‐01
La‐140   115  3.56E+00 3.56E+00 5.97E‐02
Mo‐99   500  1.31E+01 1.31E+01 ‐2.18E‐01



 

 

 

 

External Exposure Dose     

 BDCCres_air_decay_sub  DL (mrem/year)Ind calc DL (mrem/year)on‐line % Difference

As‐76  1.20E+03  1.83E+04  1.83E+04  7.08E‐02 

Ba‐140  1.00E+02  7.31E+03  7.28E+03  4.51E‐01 

La‐140  1.15E+02  1.51E+04  1.52E+04  ‐5.46E‐01 

Mo‐99  5.00E+02  6.72E+03  6.73E+03  ‐2.17E‐01 

Tc‐99m  4.80E+02  4.48E+02  4.49E+02  ‐1.28E‐01 

   



 

9 3‐D DIRECT EXTERNAL EXPOSURE 
The model selected for this analysis used the default parameters and was for a 10’x10’x10’ room with drywall and dose determined for the room 
center.  The on‐line calculator allowed values to be entered for soil volume and soil volume 15 cm, but a calculation was not performed for either 
of these cases. 

The following tables for resident inhalation and external exposure show that the independent calculation and the on‐line calculator agree to 
within 1 %.   

 

 
 Contaminated building materials in walls, floor and ceiling using soil volume toxicity values 

BDCCres_3D_ext_SV  Drywall factor 
DL (mrem/year)Ind 
calc 

DL 
(mrem/year)on‐line 

% 
Difference            

Ac‐228  100  1.28 0.626753362

Calculation not 
performed by on‐
line calculator 

Ra‐224  176  0.0495 0.005984369
Ra‐228  1.00E+02  6.58E‐05 3.91035E‐07
Ra‐
228+D  100  1.22 555.3333751           

Th‐228  1.76E+02  7.25E‐03 0.007439083

Contaminated building materials in walls, floor and ceiling using 1 cm soil volume toxicity values 

BDCCres_3D_ext_1 

cm 
Drywall Room 
Factor 

DL (mrem/year)Ind 
calc 

DL 
(mrem/year)on‐line 

% 
Difference            

Ac‐228  100  1.56E+00 1.46E‐01 1.46E‐01  ‐1.37E‐01
Ra‐224  176  5.66E‐02 1.58E‐03 1.59E‐03  ‐9.20E‐01
Ra‐228  1.00E+02  1.01E+00 6.01E‐03 5.99E‐03  3.56E‐01
Ra‐
228+D  100  2.56E+00 2.22E+02 2.23E+02  ‐2.59E‐01           

Th‐228  1.76E+02  1.14E‐01 3.44E‐02 3.43E‐02  2.00E‐01

Contaminated building materials in walls, floor and ceiling using 5 cm soil volume toxicity values 



BDCCres_3D_ext_5 

cm  Drywall Factor 
DL (mrem/year)Ind 
calc 

DL 
(mrem/year)on‐line 

% 
Difference            

Ac‐228  1.00E+02  1.89E+00 5.07E‐01 5.09E‐01  ‐4.34E‐01
Ra‐224  1.76E+02  6.65E‐02 5.23E‐03 5.28E‐03  ‐9.30E‐01
Ra‐228  1.00E+02  1.11E+00 6.60E‐03 6.60E‐03  ‐5.33E‐02
Ra‐
228+D  1.00E+02  3.01E+00 7.50E+02 7.51E+02  ‐9.23E‐02           

Th‐228  1.76E+02  1.07E‐01 8.21E‐02 8.20E‐02  1.03E‐01

Contaminated building materials in walls, floor and ceiling using 15 cm soil volume toxicity values 

BDCCres_3D_ext_15 

cm 
DL (mrem/year)Ind 
calc 

DL 
(mrem/year)on‐line 

% 
Difference            

Ac‐228  100  1.56E+00 0.093461175

Calculation not 
performed by on‐
line calculator 

Ra‐224  176  5.66E‐02 0.027833465
Ra‐228  1.00E+02  1.01E+00 0.005951807
Ra‐
228+D  100  2.56E+00 86.88373452           

Th‐228  1.76E+02  1.14E‐01 0.358095727
Contaminated dust on walls, floor and ceiling using ground plane toxicity values 

BDCCres_3D_ext_gp 
Drywall Room 
Factor 

DL (mrem/year)Ind 
calc 

DL 
(mrem/year)on‐line 

% 
Difference            

Ac‐228  1.00E+02  1.48E+00 1.41E‐01 1.41E‐01  3.86E‐02
Ra‐224  1.76E+02  4.32E‐02 1.17E‐03 1.18E‐03  ‐7.59E‐01
Ra‐228  1.00E+02  7.50E‐01 5.81E‐02 5.81E‐02  3.13E‐02
Ra‐
228+D  1.00E+02  2.23E+00 1.98E+02 1.98E+02  ‐1.12E‐01           

Th‐228  1.76E+02  1.86E‐01 6.66E‐02 6.65E‐02  1.59E‐01
 

   



10 INDOOR WORKER 
Exposure to Settled Dust on Surfaces 

The following tables for inhalation and external exposure show that the independent calculation and the on‐line calculator agree to within 1 % 
(except for those values calculated for Dust on Settled Surfaces – Exposure: see below).   

A different set of radionuclides was used for the next set of calculations to ensure that a significant number of radionuclides were covered for 
the calculations. 

Exposure to Dust on Settled Surfaces ‐ Ingestion

Radionuclide  BDCCiw_dust_ing  DL (mrem/year)Ind calc DL (mrem/year)on‐line % Difference
Bi‐214  1.50E+02 1.50E‐04 1.50E‐04 ‐2.33E‐01
Bi‐214+D  1.50E+02 1.50E‐04 1.50E‐04 ‐2.33E‐01
Pb‐210  1.00E+01 1.12E+03 1.12E+03 1.91E‐02
Pb‐214  1.30E+02 2.17E‐04 2.17E‐04 ‐1.50E‐01

 

For the ingestion pathway the independent calculation results agree well with those of the on‐line calculator.  

 However, it does not seem possible that the values for dose calculated for (214Bi) and (214Bi+D) could be the same since the latter should contain 
the dose contribution for 100 years for 214Po, 210Pb and 210Po. It is suggested that the DCF values for these radionuclides be reviewed. 

Exposure to Dust on Settled Surfaces ‐ Exposure

Radionuclide  BDCCiw_dust_ext  DL (mrem/year)Ind calc DL (mrem/year)on‐line % Difference
1.50E+02 5.69E+01 3.11E‐03 1.83E+06
1.50E+02 5.69E+01 3.11E‐03 1.83E+06
1.00E+01 1.92E‐01 5.70E‐03 3.26E+03
1.30E+02 8.43E+00 6.20E‐04 1.36E+06

The on‐line calculation shows a significant difference from the spreadsheet calculation.  When the ratio of the spreadsheet value over the on‐
line value is calculated it equals the value of the decay constant for the radionuclide (for example for 214Bi this is 1.83E+04). 

It appears that the on‐line calculator has omitted the value of the decay constant (λ) from the denominator of the equation for calculating the 
dose. 

   



Exposure to Ambient Air with half‐life decay 

The following tables for inhalation and external exposure with half‐life decay for the indoor worker show that the independent calculation and 
the on‐line calculator agree to within 1 % 

Exposure to air ‐ Inhalation Exposure      

Radionuclide  BDCCiw_air_decay_inh  DL (mrem/year)Ind calc DL (mrem/year)on‐line % Difference
Be‐7  6.00E+01  1.48E‐02 1.48E‐02 2.63E‐01
Cs‐137+D  2.00E+01  1.52E+01 1.52E+01 1.60E‐01
Sr‐90+D  1.00E+02  3.03E+02 3.03E+02 1.09E‐01
U‐235  2.00E+02  3.38E+04 3.38E+04 ‐7.52E‐07

 

Exposure to air ‐ Submersion Exposure     

Radionuclide  BDCCiw_airdecay_sub  DL (mrem/year)Ind calc DL (mrem/year)on‐line % Difference
Be‐7  6.00E+01 1.18E+03 1.18E+03 6.40E‐02
Cs‐137+D  2.00E+01 2.15E+04 2.15E+04 ‐5.99E‐02
Sr‐90+D  1.00E+02 3.74E+03 3.75E+03 ‐1.43E‐01
U‐235  2.00E+02 5.84E+04 5.86E+04 ‐2.60E‐01

 

Exposure to Ambient Air without half‐life decay 

The following tables for ambient air exposure without half‐life decay for the indoor worker show that the independent calculation and the on‐
line calculator agree to within 1 % 

Exposure to air ‐ Inhalation 
Exposure              
Radionuclide  BDCCiw_air_nodecay_inh          

Be‐7  6.00E+01  DL (mrem/year)Ind calc 

DL 
(mrem/year)on‐
line 

% 
Difference 

Cs‐137+D  2.00E+01  7.11E‐02 7.10E‐02  1.41E‐01
Sr‐90+D  1.00E+02  1.54E+01 1.54E+01  0.00E+00
U‐235  2.00E+02  3.07E+02 3.07E+02  ‐1.85E‐14
    3.38E+04  0.00E+00

 



 

 

 

Exposure to air ‐ Submersion Exposure            
Radionuclide  BDCCiw_airdecay_sub  DL (mrem/year)Ind calc DL (mrem/year)on‐line  % Difference
Be‐7  6.00E+01 5.66E+03 5.66E+03  ‐4.36E‐02
Cs‐137+D  2.00E+01 2.17E+04 2.18E+04  ‐2.97E‐01
Sr‐90+D  1.00E+02 3.79E+03 3.79E+03  ‐1.20E‐03
U‐235  2.00E+02 5.84E+04 5.86E+04  ‐2.60E‐01

 

 

 

3‐D Direct External Exposure 

The following tables for 3‐D exposure for the indoor worker show that the independent calculation and the on‐line calculator agree to within 1 % 

 Contaminated building materials in walls, floor and ceiling using ground plane toxicity values 

Radionuclides  BDCCiw_3D_ext_sv  Concrete factor DL (mrem/year)Ind calc DL (mrem/year)on‐line % Difference
          

Ag‐110m  1.00E+02  3.26E+00 1.42E+02 1.42E+02 ‐2.67E‐02           
Am‐241  5.00E+00  1.23E+00 3.58E‐02 3.56E‐02 4.95E‐01           
Cf‐252  1.00E+00  6.33E‐01 6.42E‐02 6.43E‐02 ‐1.48E‐01           
Np‐239  2.30E+01  2.51E+00 2.33E‐02 2.33E‐02 ‐8.07E‐02           

 

 

 Contaminated building materials in walls, floor and ceiling using 1 cm soil volume toxicity values 

Radionuclides  BDCCiw_3D_ext_1 cm  Concrete factor DL (mrem/year)Ind calc DL (mrem/year)on‐line % Difference
          

Ag‐110m  1.00E+02  4.22E+00 1.87E+02 1.87E+02 ‐1.07E‐01           
Am‐241  5.00E+00  1.32E+00 2.76E‐02 2.76E‐02 ‐1.69E‐01           
Cf‐252  1.00E+00  7.05E‐01 7.07E‐02 7.06E‐02 8.29E‐02           
Np‐239  2.30E+01  2.32E+00 2.13E‐02 2.12E‐02 4.30E‐01           



 

 

 

 Contaminated building materials in walls, floor and ceiling using 5 cm soil volume toxicity values 

Radionuclides  BDCCiw_3D_ext_5 cm  Concrete factor DL (mrem/year)Ind calc DL (mrem/year)on‐line % Difference
          

Ag‐110m  1.00E+02  5.01E+00 6.39E+02 6.39E+02 ‐5.24E‐02           
Am‐241  5.00E+00  1.31E+00 5.17E‐02 5.14E‐02 5.85E‐01           
Cf‐252  1.00E+00  7.81E‐01 2.26E‐01 2.25E‐01 3.94E‐01           
Np‐239  2.30E+01  2.16E+00 5.36E‐02 5.34E‐02 4.46E‐01           

 

 

 
Contaminated building materials in walls, floor and ceiling using 15 cm soil volume toxicity 
values 

Radionuclides  BDCCiw_3D_ext_15 cm  Concrete factor DL (mrem/year)Ind calc DL (mrem/year)on‐line % Difference
          

Ag‐110m  1.00E+02  4.09E+00 8.29E+02 8.25E+02 4.62E‐01           
Am‐241  5.00E+00  9.42E‐01 4.00E‐02 3.99E‐02 1.77E‐01           
Cf‐252  1.00E+00  7.14E‐01 3.36E‐01 3.35E‐01 1.71E‐01           
Np‐239  2.30E+01  1.99E+00 6.86E‐02 6.83E‐02 3.78E‐01           
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