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Peer Review Charge for the U.S. Environmental Protection Agency (EPA), Draft 
Radon Vapor Intrusion Screening Level Calculator 

 
Background: 

EMS, Inc., under contract EP-W-13-016 with EPA’s Office of Superfund Remediation and 
Technology Innovation, has been asked to conduct an external peer review of the draft online 
calculator, Radon Vapor Intrusion Screening Level Calculator (RVISL) including the companion 
Homepage, User’s Manual, and Frequently Asked Questions webpages. EPA developed the 
RVISL calculator website with the U.S. Department of Energy's Oak Ridge National Laboratory 
under an Interagency Agreement. The RVISL calculator provides updated guidance for 
developing screening levels or preliminary remediation goals (PRGs) for indoor radon-222, 
radon-220, and radon-219 that are risk- or dose-based and for showing compliance with the 
UMTRCA indoor radon standards for radon-222 and radon-220. It is now the generally 
recommended source of radon screening levels for all 10 EPA regions. The RVISL calculator 
output provides comparison values and risk and dose estimates for residential and 
commercial/industrial exposures to radon in soil gas, air, and groundwater.  

The draft RVISL calculator and companion webpages can be accessed here:  

https://epa-visl.ornl.gov/radionuclides/  
User ID:  prg 
Password: development 
 

The RVISL calculator results were previously verified and peer reviewed. Links to 
documentation of the verification and review are included on the Home Page. 

PDFs of the Homepage and Frequently Asked Questions (10 pages) and User’s Guide (35 
pages). 

Expertise: The peer review panel will have 5 reviewers (both U.S. and international) with broad 
range of expertise related to radon gas behavior, assessment of radiation risk, vapor intrusion, 
and building physics, as well as experience with similar exposure assessment software tools 
(e.g., NORMALYSA, VISL, or RESRAD). 

Peer Review Charge: 

Peer reviewers should focus their efforts on answering the charge questions that begin on page 
“a”1, with specific recommendations that are practical and implementable. Any additional 
comments or edits to the text should be provided using either: 1) the text edit/comment mode of 
Adobe Acrobat to edit the attached PDF of the webpages; or 2) Microsoft Word to list comments 
that referencing the appropriate section numbers and line number(s). Please do not scan and 
submit handwritten comments. 

We request that you review the overall website, User’s Guide, Frequent Questions, and the 
calculator, and answer the charge questions below. The goal is to identify any shortcomings in 

 
1 Please use this file to provide your answers. 
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the explanation of how to use the calculator. Please note any inconsistencies between the user’s 
guide and calculator. 

Other Related Directions 
 

• All answers to the charge questions and other suggested edits be submitted to EMS, Inc. 
by November 9, 2020. 

• Keep the link to the draft document and other materials provided by EMS, Inc. 
confidential. Please do not share or discuss these materials with colleagues or the public. 

• Avoid interactions—including with EPA representatives or members of the interested 
public—that might create a perception of a conflict of interest (COI) regarding the work 
product under review. 

• Inform EMS if you are contacted regarding the peer review or draft document by anyone 
other than EMS staff. 
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Charge Questions: 

 A. Homepage and Overall Website 

1. Is the website clearly organized, described, easy to navigate, and generally “user 
friendly” and appropriate for the target audience? If not, what do you recommend? 

2. Have the objectives of the RVISL calculator, as stated in the documentation, been met? If 
not, what do you recommend? 

3. Do you recommend any modifications to the Homepage graphic? 

4. Do you have any other recommendations to improve the usability of the website? 

 

B. User’s Guide 

1. Does the User’s Guide adequately explain the concepts addressed by the calculator and 
its limitations? 

2. Are the assumptions clear and reasonable? If not, what do you recommend? 

3. Are the sources and citations appropriate, and do they represent the current state of 
knowledge? If not, what do you recommend? 

 

C. Frequent Questions 

1. Are the 11 questions clearly worded? If not, what do you recommend? 
 

2. Are the 11 responses clear, concise, and accurate? If not, what do you recommend? 
 

3. Are there other helpful questions and answers that should be added? If yes, please list the 
questions. 

 

D. Calculator 

1. Are the results clearly explained and presented? If not, what do you recommend? 

2. Are the results appropriately described and qualified (to the extent that they may be relied 
upon and defended)? If not, what do you recommend? 

3. Do the results provide defensible explanation of how they were derived, or are they the 
result of a “black box?” Do you recommend anything different?  

4. RVISL calculation of the equilibrium level (Feq) of radon progeny that would be present 
in indoor air is based on air exchange rate. Should other mechanisms (seasonal 
atmospheric changes, building construction, surface plating, aerosol sizes, regional 
geology, air flow) be incorporated in the calculation?  
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5. Is there anything else you recommend for the calculator to improve it for its stated
purpose?

E. Anything Else?

Is there anything else you would recommend to improve the RVISL calculator’s utility,
accuracy, completeness, or supportability?



Commenter Charge Question 
No. Document

Line No. (Home 
Page and FAQs 

only)

Section No. (User's 
Guide only) Paragraph Line Other Descriptor Comment

Avila A1

Yes, I think the website is clearly organized, easy to navigate, generally “user friendly” and appropriate to the target audience. 

The text in the home page is too long and could be improved. I provide suggestions in the attached pdf (RVISL Home Page and 
FAQs)_Avila).

Avila A2 Yes, the objectives have been met.
Avila A3 None.
Avila A4 I would add a link to a Glossary page. This can be added to the existing list of links in the Home Page. 

Avila B1 The User´s Guide adequately explains the concepts and their limitations. I have included some comments in the attached pdf.

Avila B2 The assumptions are clear and reasonable. I have added some comments to the assumptions in the attached pdf.

Avila B3 The sources and citations cover well the US literature, but it would be good to add references to sources from other countries and 
international organizations.

Avila C1 The questions are generally clearly stated. I proposed some changes in the wording of questions 3, 4, 7 and 8, see the attached pdf 
(RVISL Home Page and FAQs)_Avila) [Reproduced in this table].

Avila C2 Some of the answers are not concise and accurate. I proposed some changes in the attached pdf (RVISL Home Page and FAQs)_Avila) 
[Reproduced in this table]. In particular, the answer that is provided to question 8 is not adequate.

Avila C3 One helpful question could be: How do deal with situations where more than one Radon isotope, for example Rn-220 and Rn-222, is 
present?

Avila D1

The results are clearly presented, but not explained. There are explanations in the User´s Guide, but it is not obvious where exactly in 
the Guide each particular result is to be found. 

One solution could be that each result column points to the corresponding equation listed in the Calculator and/or the User´s Guide. 
This might require that the Equations be numbered.

Another alternative would be to provide a footnote to the Table of results, where each result included is listed with a short description 
and references to the User´s Guide. 

The above shortcoming is illustrated in the attached pdf (Resident_rad_rvisl_results), which presents the results generated by the 
Calculator for the screening levels of Dose-Type; using default parameter values. It is not obvious what the results presented in the 
columns Inhalation RVISL, Submersion RVISL and Target Indoor Air Concentration and the terms used in the User´s Guide for these 
results are somewhat different. In the same pdf, I have also added some comments to the table of results. 

Avila D2

The results are mostly appropriated described and qualified in the User´s Guide. It is stated in the User´s Guide that results obtained 
using default parameter values correspond to the Reasonable Maximum Exposure (RME), since conservative values are selected as 
defaults. However, it is not always demonstrated that the chosen default values are conservative. An example is the Attenuation Factor 
as explained in the comments to the User´s Guide (see attached pdf). 

Avila D3 Sufficient explanations of how the results were derived are provided in the User´s Guide.

Avila D4
In my opinion this is not required for screening assessments which is the intention with the RVISL. If such mechanisms are considered, it 
would be anyway difficult to estimate generic default parameter values, without unduly overestimation of the RVISL.

Avila D5

The use of several conservative parameters in the same equation, might lead to over conservative estimates. This is a result of 
multiplication of errors. For example, if several parameters in an equation are multiplied with each other and a low probability value 
(like a 95 percentile) is given to each parameter; then the probability of the obtained result might be extremely low. One possible 
approach to overcome this, would be to perform calculations using central values for the parameters and apply an uncertainty factor to 
the results, so that the screening value is set at a reasonable percentile (like the 95 percentile).

Avila E Nothing more comes to my mind right now. 
Avila Welcome 10 Delete: comparison values and

Avila Welcome 12-14
Delete: Note that for Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) remedial actions, dose 
assessment is generally done only to show compliance with a dose-based Applicable or Relevant and Appropriate Requirement (ARAR).

Avila Welcome 17 Delete: , which also may be potential ARARs.
Avila Welcome 22 Change: "site-specific risks" to "site-specific conditions"

Avila Welcome 26-28 Delete: Below is a general description of screening levels for radon. If the calculator is used with non-default inputs in a decision on a 
Superfund site, it is recommended that the inputs be clearly identified and justified by the user.

MATRIX OF PEER REVIEW COMMENTS: Radon Vapor Intrusion Screening Level Calculator
Notes: [Brackets in comments comrpised additional explanation inserted by the peer review contractor ]
Yellow highlighting is used to indicate responses to charge questions. The table can be sorted by color in column B to show only these responses.

1

I 
I 

I 

I 

I I 
I 

I 
I 
I 
I 

I 

I 



Commenter Charge Question 
No. Document

Line No. (Home 
Page and FAQs 

only)

Section No. (User's 
Guide only) Paragraph Line Other Descriptor Comment

MATRIX OF PEER REVIEW COMMENTS: Radon Vapor Intrusion Screening Level Calculator
Notes: [Brackets in comments comrpised additional explanation inserted by the peer review contractor ]
Yellow highlighting is used to indicate responses to charge questions. The table can be sorted by color in column B to show only these responses.

Avila Welcome 37-38 Delete: which were developed to predict potential human exposure from radon concentrations in indoor air
Avila Welcome 38 Change: "highly iprecise for an individual house" to "inaccurate for a particular house"

Avila Welcome 40-42
Delete: In particular, testing of groundwater or soil gas is not required to demonstrate compliance with RVISL WL, pCi/L, risk, or
dose targets.

Avila Welcome 43-49

Delete: Users should note that since background radon levels are typically outside the risk range, the RVISL calculator is likely to be 
used primarily for ARAR compliance. For example, the UMTRCA indoor radon standards 40 CFR 192.12(b)(1) and 192.41(b) were 
identified as likely Federal ARARs for Rn-222 and Rn-220 in Attachment A of the EPA guidance document "Establishment of Cleanup 
Levels for CERCLA Sites with Radioactive Contamination." There are some state standards expressed in pCi/l or mrem/yr that, if more 
stringent than the UMTRCA standards, may be selected as ARARs.

Avila Introduction 54 Change: "screening level" to "Radon Vapor Intrusion Screening Levels"
Avila Introduction 58 Change: thorium to thorium-232
Avila Introduction 59 Change: actinium to actinium-227
Avila Introduction 76 Delete: Note: No consideration is given to ecological effects in the values presented in this calculator.
Avila FAQs 84 Change: "exterior" to "collected exterior to buildings"
Avila FAQs 84 Delete: "Agency staff"
Avila FAQs 84-85 Change: "vapor intrusion determination" to "radon vapor intrusion screening"
Avila FAQs 85 Add: The RVISLs are defined as…
Avila FAQs 90 Change: "target indoor air concentrations" to "RVISLs for indoor air"
Avila FAQs 91 Delete: "generic"
Avila FAQs 92 Delete: "generally reasonable"

Avila FAQs 106-111

Delete: "The factors listed above may negate the appropriate application of the recommended attenuation factors and the sub-slab, 
groundwater, and soil gas VISLs for purposes of identifying sites or buildings unlikely to pose a health concern through the vapor 
intrusion pathway. On the other hand, further evaluation of the vapor intrusion pathway is still appropriate when the sub-slab, 
groundwater, and soil gas VISLs are exceeded for samples from a building or site where these specific factors are present."

Avila FAQs 112 Insert: "default" before "attenuation
Avila FAQs 114 Change: "methane" to "radon"
Avila FAQs 112-123 Propose removing since these situations are not relevant for indoor exposures to Radon
Avila FAQs 124-125 Rephrase to: the assumptions made for deriving the attenuation factors are valid for a given site.
Avila FAQs 125 Change: "attained" to "valid"
Avila FAQs 126 Change: "VISLs" to "RVISLs"
Avila FAQs 128-129 Change: "Where the assumptions regarding the subsurface attenuation factors do not or may not apply" to "In this case"
Avila FAQs 129 Delete: "generally"
Avila FAQs 131 Change: "for" to "using"
Avila FAQs 137-138 [Last sentences is] Vague. Propose removing or making more accurate
Avila FAQs 139 Change: "forward" to "cancer risk"
Avila FAQs 140 Delete: "In addition to calculating screening levels,"
Avila FAQs 146 Change: "their site data" to "site-specific data"
Avila FAQs 149 Insert: "to a site-specific value" at the end of the sentence.
Avila FAQs 150-151 Sentence is repeated. Propose removing it.
Avila FAQs 154 Equation is missing.
Avila FAQs 160 Change: "a formula" to "equations" 
Avila FAQs 161 Change: "equation is" to "equations are"
Avila FAQs 173 Change: "were" to "are"
Avila FAQs 182 Change: "risk-based versus dose-based versus WL" to "risk-based, dose-based, or WL"
Avila FAQs 198 Change: "transport portions of the RVISL." to "calculations of  transport in soil included in the RVISL calculator.
Avila FAQs 198-200 Delete sentence.
Avila FAQs 204-205 Delete: "for a J256difference in the risk results"
Avila FAQs 230 Change: "collocated" to "distributed"
Avila User's Guide 1 4 1 Have not seen that exposure to tap water is considered

Avila User's Guide 2.1 4 1 Why direct use of contsaminated groundwater in a house has not been considered?. The use in a house (for example for showering) of 
groundwater containing Radon that is abstracted from a well could lead to increase of Radon concentration in the indoor air. 

Avila User's Guide 2.1 7 1-2 Bullets 1, 2 I think these sources are not relevant for indoor exposures
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Commenter Charge Question 
No. Document

Line No. (Home 
Page and FAQs 

only)

Section No. (User's 
Guide only) Paragraph Line Other Descriptor Comment

MATRIX OF PEER REVIEW COMMENTS: Radon Vapor Intrusion Screening Level Calculator
Notes: [Brackets in comments comrpised additional explanation inserted by the peer review contractor ]
Yellow highlighting is used to indicate responses to charge questions. The table can be sorted by color in column B to show only these responses.

Avila User's Guide 2.1 8 1-3 Yes but these are not leading to increase concentrations indoors
Avila User's Guide 2 2 1 1-2 Bullets 1, 2, 3 I do not see why write about what the calculator cannot do. Can be removed
Avila User's Guide 2 2 2 2 Why then isotopes after Pb-210 are included in the results presented by the calculator?

Avila User's Guide 6 5
Footnote for 
Attenuation 

Factors Table

An explanation of why these has been selected and the implications for the use of the screening levels should be discussed. The EPA 
recommends using measured Radon concentration values for comparison with the screening levels. If the concentrations have been 
measured then the type of residence is known and there is no reason for using attenuation factor for all types of residences. 

Avila User's Guide 7 Table 1 Insert: ", unitless" following (WL)

Avila User's Guide 7 Table 1

This [Resident Air Submersion (pCi/m3)] and the following are concentrations [Resident Air Total and Worker Air Inhalation] that are 
derived diffrently and therefore should have a different definition

Avila User's Guide 7 Table 1, Row 
DCFsub

Change: "risk/year" to "mrem/year" 

Avila User's Guide 7 Table 1, Row 
Sfsub

Change: "cm" to "cm3"

Avila User's Guide 7

Table 1, Rows 
CDI, Cvp, ELCR, 
Feq, TCR, TDL, 
TWL, ACH, Aeq

Units?

Avila User's Guide 7 Table 1, Row 
Efres

The same definition as the next?

Avila User's Guide 7 Table 1, Row 
IRAw

Why the worker has a higher inhalation rate during 24 hours? He is working only 8 hours/day

Barr A1 Yes the web site is clearly organized, easy to navigate and user friendly.

Barr A2

I am unsure what the “objectives” of RVISL calculator are.  However, the RIVSL appears to do the following as explained in the User’s 
Manual: This tool provides screening level concentrations of radon for groundwater, soil gas (sub-slab and exterior), and indoor air to 
assist Agency staff with making a radon vapor intrusion screening level (RVISL) determination based on limited, initial data. In 
addition to calculating screening levels, this tool can calculate indoor air concentrations from radon in soil gas and groundwater 
concentrations entered by the user.  The cancer risk and dose from calculated indoor air concentrations and user-provided indoor air 
concentrations can also be calculated . 

Several comments are provided in the pdf files of the User’s Manual and other documentation that if incorporated I think would 
provide increased transparency and support for the methodology.

Barr A3 Yes, several comments were made on the homepage graphic (see file RVISL Home Page and FAQs csb comments.pdf) [Reproduced in 
this table]

Barr A4 See comments in pdf files. [Reproduced in this table.]

Barr B1 Additional detail could be provided.  See comments in file RVISL User’s Guide csb.pdf. [Reproduced in this table.] Additionally, it would 
help to provide screen shots of the forms and the output with simple examples of how to use the calculator.

Barr B2 Yes, the assumptions are generally clear and reasonable.

Barr B3 Additional detail and supporting information could be provided (e g., support for risk-significant assumptions and parameters and 
information on dosimetry). See comments in the file RVISL User’s Guide csb.pdf. [Reproduced in this table.]

Barr C1 Please see comments on RVISL Home Page and FAQs csb comments.pdf file. [Reproduced in this table.]
Barr C2 Please see comments on RVISL Home Page and FAQs csb comments.pdf file. [Reproduced in this table.]

Barr C3

Yes, include a basic question and answer on how the screening levels are calculated based on default assumptions and parameters. A 
table of alternative approaches to using the calculator on the main page or in the User’s Manual would be helpful. Describe where the 
generic screening levels are located (it looks like this information is not yet available on the web site, see empty page when you click on 
the “generic tables” link although that would be helpful).

Barr D1 See comment above on User’s Manual. It would help to provide screen shots of inputs and outputs from the calculator.
Barr D2 Additional detail could be provided as noted in the file RVISL User’s Guide csb.pdf. [Reproduced in this table.]
Barr D3 Additional detail could be provided as noted in the file RVISL User’s Guide csb.pdf. [Reproduced in this table.]
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Commenter Charge Question 
No. Document

Line No. (Home 
Page and FAQs 

only)

Section No. (User's 
Guide only) Paragraph Line Other Descriptor Comment

MATRIX OF PEER REVIEW COMMENTS: Radon Vapor Intrusion Screening Level Calculator
Notes: [Brackets in comments comrpised additional explanation inserted by the peer review contractor ]
Yellow highlighting is used to indicate responses to charge questions. The table can be sorted by color in column B to show only these responses.

Barr D4

As noted in comment, insufficient information is provided to determine the conservatism or reasonableness of the default values. The 
capability to adjust the parameter with sufficient support (in addition to adjusting the air exchange rate) would beneficial particularly if 
additional credit could be taken to alleviate potential conservatisms using the current approach.

Barr D5 See comments provided in the file RVISL User’s Guide csb.pdf [Reproduced in this table]

Barr E Additional information on any benchmarking, verification, and validation studies, including supporting data, would also increase 
confidence in the results.

Barr Welcome 1-4 Figure and 
Figure Caption

It would help to show the contamination in the vadose zone soils--it currently looks like the soil contamination is only in the saturated 
zone. It would help to depict the upside triangle symbol for the water table surface.  

By atmospheric conditions do you mean wind effects alone? What about atmospheric pressure and barometric pumping? What are the 
underlying or implicit assumptions in the RVISL calculator.

Why does it look like there are building wake effects considered (rising of air currents above the building roof)?

Why does it look like most of the radon goes into the indoor buildings rather than to the outdoor air? Note:  Underlying assumption is 
that radon concentrates in indoor air.

Why does it look like outdoor exchange only occurs through the roof and why is there a reference to stack effects as if an elevated 
release is being simulated?

If this is purely a conceptual drawing and only loosely reflects underlying assumptions in the RVISL calculator, this should be clearly 
stated in the caption.

Barr Welcome 17

It would be important to note that this screening level approach may not be consistent with the flux or dose modeling approach 
associated with certain ARARs (e.g., NRC standards). For example, the suggested methodology may not be consistent with NRC 
standards for LLW and restricted release sites. For LLW disposal, engineered barrier degradation; release and transport of radon and its 
precursors (e.g., upward radon diffusion and downwards radium transport in infiltrating groundwater) would need to be considered 
over the performance period. While radon dose does not need to be considered explicitly for decommissioning sites seeking 
unrestricted release, it may need to be considered for restricted release sites over a 1000 year compliance period.

Also, some standards are based on a flux standard and not a concentration standard. How are these type of standards addressed with 
the current approach which calculates dose, risk or screening levels? 

Barr Welcome 38 If they are highly imprecise, then how is the uncertainty managed in a screening calculator which is inherently supposed to err on the 
side of higher doses and risk? 

Barr FAQs 83

The FAQ should provide a little more information on where these RVISLs are located (e.g., is a table based on default parameters 
provided outside of the calculator output or does the calculator have to be run). A basic description of the various alternatives to 
calculating the RVISLs could be provided in this FAQ (and point to User's Manual for more information). 

Barr FAQs 84 Explain what is meant by a vapor intrusion determination.
Barr FAQs 85 Provide examples of the types of data needed to make a determination.
Barr FAQs 139 Add text to the question to explain what a forward calculation is as the user may not understand what that means. 

Barr User's Guide General 
Comment

Any benchmarking, verification, or validation studies related to the RVISL calculator would provide increased confidence in the results 
and should be cited in the documentation.

Barr User's Guide General 
Comment

It would also be useful to provide example output and explain the information provided in the report.
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only)
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Barr User's Guide 1 3

It is unclear if the latest ICRP recommendations are considered in the calculator. ICRP 115, "Lung Cancer Risk from Radon and Progeny 
and Statement on Radon," published in 2010 proposed a significantly higher nominal risk coefficient of 5x10-04 per working level 
month (WLM) compared to the value of ICRP Publication 65 of 2 83x10-04 per WLM. ICRP intends to publish dose coefficients for 
radon isotopes calculated based on biokinetic and dosimetric models. Hunt [2014] presented preliminary values of ICRP dose 
coefficients including a value of 13 mSv per WLM effective dose using an equilibrium factor of 0.4 and unattached fraction of 8 percent 
for exposure in the home. Please clarify if dose coefficients consistent with the ICRP 115 recommendations are available in the 
calculator database, and if not, if there are any plans to include updated values in the future.

Hunt, J., “Current and Forthcoming ICPR Recommendations on Radon Exposures”, Presented at the International Conference on 
Occupational Radiation Protection, Vienna, Austria, Occupational Radiation Protection in the Workplace Involving Exposure to Radon. 
John Hunt for John Harrison, Public Health England, December 2014.  

http://www-ns.iaea org/tech-areas/communication-networks/orpnet/documents/cn223/8-hunt-presentation.pdf  

Barr User's Guide 1.3.2 1 2 [DFCs] should be DCFs.

Barr User's Guide 1.3.2 1 It appears from running the calculator with default parameters that the submersion dose is dominating the concentration based RVISLs. 
Is that correct?

Barr User's Guide 1 8 4 1 Typo, missing the "n" in demonstrates.

Barr User's Guide 1 9 3 1-2

It might be helpful to point out the availability of tools such as RESRAD to assess the risk/dose of radon using more complex transport 
models to provide a more realistic estimate of dose if needed and adequately supported. Parameters such as the emanation coefficient, 
diffusion coefficients, building air exchange rate, and others may be important to a site-specific dose assessment.

Barr User's Guide 2.1.1 Figure  

What groundwater dependent pathways are (implicitly) considered by the calculator (e g., it looks like radon from sink water is 
depicted on this figure)?  Is groundwater used for showering also considered? Please be clear on what pathways that could contribute 
to radon/progeny air concentration and dose are considered (explain what pathway or other assumptions are made in determining 
appropriate attenuation factors). 

Barr User's Guide 2.1.2 Figure
See comments on the figure above for the residential scenario.

Additionally does it make more sense to depict waste in the unsaturated zone leaching to groundwater?

Barr User's Guide 5 Table 1, Rows 
Feq, Aeq

Define and use consistent terminology throughout the documentation. How do the "activity equilibrium factor" and "radon equilibrium 
factor" (or "inhalation fractional equilibrium factor" referred to in the ORNL 2020 reference on the topic) relate to commonly used 
terms "equilibrium factor" and "unattached fraction" in radon dosimetry?  Additional text on the various terms and how they are used 
by the calculator would provide increased clarity and assurance that the factors are not being double-counted (or could provide 
additional information on what additional credit could be taken).

The value of Feq and Aeq could be risk-significant and the values should be demonstrably conservative.  While this appears to be the 
case, additional discussion in the supporting documentation on how the air exchange rate was selected to err on the side of 
conservatism, for example, would provide support that uncertainty in the dose and risk estimates is adequately managed.

Barr User's Guide 5 Table 1, Rows 
AFgw

The reference for these values appears to be this document (i e., the User's Manual). Please confirm.

If the groundwater and sub-slab gas attenuation factors are used to calculate RVISLs, then it appears that these attenuation factors 
could be risk-significant. While underlying assumptions that may invalidate the attenuation factors are provided, adequate support for 
the default values selected should be provided in supporting documentation. Support could include data on subsurface and indoor 
concentrations for a variety of site conditions.

Barr User's Guide 5 Table 1, Row 
IRAres-c

The resident inhalation rate is a little low compared to the characteristics of the average member of the critical group used in NRC 
screening calculations (see NUREG/CR-5512, Volume 3). The ability to change exposure parameters to account for differences in 
regulatory approaches is beneficial.

Barr User's Guide 5 Table 1, Row 
IRAw

While less of a concern to NRC, the worker inhalation rate used in the RVISL calculator is higher than assumed for the building 
occupancy inhalation rate of 1.4 m3/hr in NUREG/CR-5512, Volume 3. The ability to change exposure parameters to account for 
differences in regulatory approaches is beneficial.

Barr User's Guide 6 Ref 8 Update to Rev. 1 of the document.
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Schierman A1

On the homepage the reviewer would include the purpose of the screening tool. The user’s guide, under the disclaimer has an 
appropriate statement that could be included in the homepage: 
•“Purpose of this guidance is to provide a radon vapor intrusion screening level (RVISL) calculation tool to assist risk assessors, remedial 
project managers, and others involved with risk assessment and decision-making at CERCLA sites in developing RVISLs or preliminary 
remediation goals for indoor radon-222, radon-220, and radon-219 that are risk or dose based and for showing compliance with the 
UMTRCA indoor radon standards for radon-222 and radon-220.”
•The limitations of the calculator, as discussed under “Potential Problems and Limitations” as well as assumptions made by the 
calculator, should be more clearly identified as a bullet on the home page. The bullet could be listed as “Assumptions and Limitations.”  
The reviewer understand that under the first paragraph of the user’s guide it states to read disclaimer first however, to prevent misuse 
of the calculator identifying the limitations and assumptions up front may deter misuse.  
•Additionally, it should be stressed on the home page that the recommendation contained in Section 3.4 “EPA would recommend, where possible, 
Regions use measurements of radon indoors rather than rely on the transport portions of the RVISL. In particular, testing of groundwater or soil gas is 
not required to demonstrate compliance with RVISL WL, risk, or dose targets.”  
•On the original homepage the reviewer recommends as done in other sections in the user s guide a clarifying statement that screening levels are 
synonymous with preliminary remediation goals. 

Schierman A2
The objectives for the RVISL calculator, as stated in the user’s guide have been met as described. One item that may be prudent to 
discuss more in depth is the current shortfall and the need for the RVISL calculator. Discussing how the calculator closes this shortfall 
would be beneficial.

Schierman A3

Developers may want to consider changing the graphic to state that the soil contains radium instead of radon. Radon is not attached to 
the soil particle. It is a nuance and may not be worth changing. 

The Graphical representation under Radon Vapor Intrusion Screening Level Equations/Air Screening Level Equations/Residential Air and 
Workers Air is misleading. Representing sources of radon as drums of waste may lead to misconceptions on sources of radon. I prefer 
the homepage graphic depiction of the source as solely soil containing radon (radium) or just a radiation symbol. 

Schierman A4

On the homepage the “Welcome” and “Introduction” seem to be a little verbose and could be consolidated into one section.

Generic Tables Bullet is not functional

Schierman B1
The reviewer agrees that the guide adequately explained the concepts addressed by the calculator. The reviewer would recommend 
adding a bullet under “Radon Vapor Intrusion Screening Levels (RVISL) table” stating “Assumptions and Limitations” All assumptions 
and limitations should be clearly documented under this bullet.

Schierman B2 See response to B. User’s guide question 1.

Schierman B3

Additional resources for the author to consider:
ICRP, 2014. Radiological Protection against Radon Exposure. ICRP Publication 126. Ann. ICRP 43(3) ICRP, 2017. 
Occupational Intakes of Radionuclides Part 3. ICRP Publication 137. Ann. ICRP 46 (3/4) While ICRP Publication 137 does not specifically 
address public exposures, it is intended that this same dose coefficient applies to exposures in homes. 
NCRP Report 97. Measurement of Radon and Radon Daughters in Air  
NCRP Report 160. Ionizing Radiation Exposure of the Population of the United States. 2009. Radon Equilibrium factors. 

Schierman C1 The questions are clearly worded, I have no further recommendations.
Schierman C2 I found no issues with the responses and they appeared to be accurate.

Schierman C3

I would add the following question: Can I change a radon equilibrium factor or activity equilibrium factor to site specific data? 

With an exchange rate of zero the radon equilibrium fraction is 1 to 1 or 100%. NCRP and other organizations have proposed other 
equilibrium factors. While I understand the equilibrium factor can be modified using air exchanges, the reviewer believes it would be 
good to clarify in the frequent question section how equilibrium can be changed.  

Schierman D1

When selecting the target dose (mrem/yr) under the dose-based screening level type the default is 1 mrem. I am unsure where the 1 
mrem/year comes from. In the supporting document Analysis of what Radiation Dose Limit is Protective of Human Health at CERCLA 
Sites (Including Review of Dose Limits in NRC Decommissioning Rule)  it states EPA has considered cancer risk from radiation in a 
number of different contexts, and has consistently concluded that levels of 15 mrem/yr. EDE (which equates to approximately a 3 x 10-
4 cancer risk) or less are protective and achievable. Why not set the default to 15 mrem/yr?
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Schierman D2

From the limited testing of the calculator, the results correspond with the equations described in the user’s guide. The question of 
whether they may be relied upon or defended is harder to answer. The calculator purpose from the reviewer’s understanding is to 
assist risk assessors, remedial project managers, and others to make decision at CERCLA sites in developing screening levels or 
preliminary remediation goals. As stated in the user’s guide “Predicting the amount of radon gas available for vapor intrusion in the 
natural environment, is not an ideal setting. Several factors make it impossible for this calculator to confidently predict suitable target 
indoor air concentrations from sources in soil and groundwater.” The reviewer agrees with the language in the user’s guide and there 
are such variabilities that make it hard for the calculator to be defensible. With measurement however, the results become much more 
defensible. 

Schierman D3 I think the user’s guide adequately describes how the equations were derived.

Schierman D4

Ultimately, there are many factors that influence radon concentrations indoors. Incorporating the above items may improve the 
estimate, however it would also introduce more uncertainty in the estimate. The answer to the question is whether the calculator as 
presented provides a conservative estimate of the radon air concentrations. As EPA implements the calculator and sets screening levels, 
it will be interesting to compare actual measurements with what was predicted to understand if more variables are needed in the 
calculation.

Schierman E

I think it is important to note that the calculator is a tool to assist decision making at CERCLA sites in developing screening levels. It is 
not a regulatory requirement or the only way to set screening levels. While the calculator is helpful, as stated by EPA in the 
documentation where possible regions should use measurements of radon indoors rather that rely on the transport potions of the 
calculator. Testing of groundwater or soil gas is not required to demonstrate compliance with RVISL, working levels, risk, or dose 
targets.  

 The calculator is to be used at CERCLA sites. However, the user’s guide and the calculator frequently refer back to UMTRCA applicable 
or relevant and appropriate requirements (ARAR). The reviewer understands that a few UMTRCA sites are also listed as CERCLA sites. Is 
the utility of the calculator comparing UMTRCA ARAR only for these UMTRCA sites listed as CERCLA?  Outside of UMTRCA, is there 
utility in comparing it back to these standards? Is it the intent of the developers that the calculator would be used outside of CERCLA 
facilities? These are items to consider that are not clear upon review of the calculator and the accompanying documentation.

Spreng A1 The website is clearly organized; it progresses from topic to topic generally in a logical sequence. The instructions and descriptions 
necessarily vary in detail, which likely matches the range of knowledge among the target audience(s). 

Spreng A2 The calculator was created to develop PRGs or SLs that “predict potential human exposure from radon concentrations in indoor air”. It 
meets those objectives.

Spreng A3 The graphic adequately portrays the various vapor transport concepts. The source – the “soil containing radon” blob – looks like it may 
have been copied from a chemical spill figure.

Spreng A4 No. The instructions and information seem to fit the range of potential users. Links to the references cited also improve the usability of 
the website.

Spreng B1
Yes, the concepts are fully and clearly explained. The Guide describes uncertainties, assumptions and defaults, and the inherent 
problems with predicting air concentrations from subsurface sources. It also explains that it does not establish binding rules.

Spreng B2 The assumptions are generally reasonable and clearly worded. Suggested revisions are shown in an attached file in the text 
edit/comment mode of Adobe Acrobat.

Spreng B3

The sources and citations are appropriate and seem to be up to date. The only additional reference that I suggested was in Section 1.7 
where it might be worth mentioning that EPA participates in the radon industry-led ANSI/AARST voluntary consensus-based standards 
(VCS) process: https://standards.aarst.org/

“EPA Guidance on the Use of Voluntary Consensus Standards for State Indoor Radon Grant Recipients.” 
https://www.epa.gov/sites/production/files/2019-08/documents/august_2019_sirg_vcs_program_guidance_-epa402-b19-080.pdf  I 
have also noted in several places where links to documents do not open.

Spreng C1 The questions are generally clearly worded. Suggested revisions are shown in an attached file in the text edit/comment mode of Adobe 
Acrobat.

Spreng C2 The responses are generally clearly worded and accurate. Suggested revisions are shown in an attached file in the text edit/comment 
mode of Adobe Acrobat.

Spreng C3 The list of questions/answers seems adequate.

Spreng D1
The calculator results are clearly displayed. A minor comment: The “time stamp” at the bottom of the output spreadsheet is Eastern 
Time. If the time is necessary for complete documentation of calculator runs, that should probably be noted.
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Spreng D2 Yes, the results are appropriately described and qualified. The Home Page and User’s Guide describe uncertainties and assumptions.

Spreng D3 The best test of a calculator that tries to replicate natural phenomenon is whether it consistently produces reasonable results. Several 
“test runs” with various input parameters seem to produce reasonable results.

Spreng D4

Section 1.1 states that several factors affecting the indoor Feq were omitted for “simplification”. It is assumed that the “other 
mechanisms” may also be minor enough that they, too, could be ignored. Section 1.8 mentions research that provides data on some of 
these mechanisms, but this research demonstrates how difficult it is to predict Feq values because of them. It is also assumed that 
additional research may someday allow the effects of some of these “other mechanisms” to be included in the calculator.

Spreng D5 No - no additional recommendations beyond those in the comments in the attached files.
Spreng E No - no additional recommendations beyond those in the comments in the attached files.

Spreng Welcome 29-30

...developing SLs or PRGs for... Acronyms are already defined above. It might also be useful to distinguish between the two terms (or 
add a reference that explains the difference, if any).

6.5.2 Scope and Basis for Health-based, Vapor Intrusion Screening Levels 
EPA developed VISLs for human health protection that are generally recommended, medium-specific, risk-based screening-level 
concentrations intended for use in identifying areas or buildings that may warrant further investigation of the vapor intrusion pathway. 

Spreng Welcome 43 The term "outside the risk range" may be generally understood within the regulatory community, but probably ought to be explained 
as being "risk greater than 1 x 10-4".

Spreng Welcome 47 Add a link to "Establishment of Cleanup Levels for CERCLA Sites with Radioactive Contamination."
Spreng Welcome 48 [Change "expressed in pCi/l or mrem/yr that" to] expressed in concentrations (pCi/L) or dose (mrem/yr) that

Spreng Welcome 48

At Rocky Flats, the state dose standards were determined to be ARARs regardless of whether they were more stringent than federal 
(CERCLA) risk standards. Both risk and dose values were calculated. Risk values were more stringent and so became the "action levels", 
but the state dose standard was still an ARAR.

Also, "pCi/L" is preferred over "pCi/l" in this document.

Spreng Introduction 56

It might be useful to add a version of the purpose of SLs as written in Section 6 5.2 of the 2015 OSWER Guidance: "EPA developed VISLs 
for human health protection that are generally recommended, medium-specific, risk-based screening-level concentrations intended for 
use in identifying areas or buildings that may warrant further investigation of the vapor intrusion pathway." 

Spreng Introduction 57 [insert "as"] referred to as radon

Spreng Introduction 59 Clicking on this link yields: "Sign in to access this site. Authorization required by https://epa-visl ornl gov". Clicking on "Cancel" takes 
one to the VISL calculator.

Spreng Introduction 61 That section of the User's Guide is titled, "2.2 Groundwater Screening Level Equation". Should be Section 1.2 (?).
Spreng Introduction 67 Change "occurred" to "began"

Spreng Introduction 71 Suggest: "The RVISL calculator results were previously verified as documented on the Internal Verification and External Verification 
pages. Documentation of the peer review for the RVISL calculator is also available."

Spreng Introduction 72 Clicking on these 3 links yields: "Sign in to access this site. Authorization required by https://epa-visl ornl gov" Clicking on CANCEL takes 
the user to the VISL calculator home page.

Spreng Introduction 77 Some of the questions unnecessarily use personal pronouns: 2. "How can I change attenuation factors?"
(Suggest: "How can attenuation factors be changed?")

Spreng FAQs 81 [Replace "to solve many problems that arise from calculating and using this SL site." with "to solve problems that may arise from using 
this calculator."

Spreng FAQs 87 Suggest changing sentence to:] "The main page of the calculator provides default factors, which can be changed."

Spreng FAQs 91

I cannot find the terms, "empirically-based conservative 'generic'" or "generally reasonable worst-case conditions" described in any VI 
guidance. These combinations of adjectives seem somewhat redundant and confusing. Suggest using phrases from the guidance: 
"...target indoor air concentrations using reasonably conservative generic attenuation factors that are empirically based, as described in 
the EPA's 2015 vapor intrusion guidance."

Spreng FAQs 139 A more useful title might be: "Can the calculator predict indoor air concentrations and risk from measured concentrations?" In addition 
to calculating SLs, the calculator allows the user to input data collected from their site using a "forward calculator" function.

Spreng FAQs 148 This sentence seems redundant with the first sentence of the next paragraph. Could be combined.
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Spreng FAQs 154
The H' equation is not below. The reference to the Fact Sheet is probably sufficient: "An EPA Fact Sheet describing how H' is derived 
when groundwater temperature is changed can be found ..." Could also refer to Section 4.1 of the User's Guide.

Spreng FAQs 162 Change cm2 to cm3
Spreng FAQs 165 x 10-15 (?)
Spreng FAQs 173 Suggest rewording: "How were the UMTRCA working level (WL) standards converted to units of concentration?"

Spreng FAQs 175 Unclear what 3 steps are being referred to here. Suggest: "This table depicts the UMTRCA WL standard converted to various units of 
concentration using different radon equilibrium factors."

Spreng FAQs 176 The User's Guide only goes to Section 2.4. Should be Section 2.1.1 (?)

Spreng FAQs 187-188 At Rocky Flats, the state dose standards were determined to be ARARs regardless of whether they were more stringent than federal 
(CERCLA) risk standards.  Also, "pCi/L" is preferred over "pCi/l" in this document.

Spreng FAQs 210-212 Not true. The risk options listed on the calculator main page are in 10-6 superscript style. The "6.2E-02 and 7E-03" could be added 
parenthetically at the end of the previous sentence.

Spreng FAQs 213 This mixes scientific notation styles.
Spreng FAQs 220 There is no Section 2.3.1 in the RVISL User Guide.
Spreng User's Guide  Introduction 3 1 Here would be a good place to differentiate between SLs and PRGs.

Spreng User's Guide  1.1 1 1-3
Suggest: "...at room temperature. The criteria used to determine if a chemical is suitable for vapor intrusion analysis (see Section 1 of 
the VISL User's Guide) will be ignored for this RVISL calculator." With this reference, the following list of criteria could be deleted (why 
list factors that will be ignored?) and the first 2 paragraphs merged.

Spreng User's Guide 1.1 2 1 Suggest: "... chemicals, these criteria are not suitable..."
Spreng User's Guide 1.1 3 4 Suggest "disregarded" instead of "neglected".
Spreng User's Guide 1.1 4 1 Could reference the Homepage graphic.

Spreng User's Guide 1.1 6 4-6 Suggest: "On the other hand, further evaluation of the vapor intrusion pathway is still
appropriate when sub-slab, groundwater, and soil gas samples from a building or site exceed the RVISLs."

Spreng User's Guide 1.1 7 Bullet 2 The concept of radon vapor density resulting in downward (advective ?) transport needs to be further explained. 

Spreng User's Guide 1.1 9 1-5
Suggest: "The previously-mentioned assumptions and warnings involving attenuation factors are for generic chemicals and generally 
apply to radon. Users of the RIVSL calculator should also consider additional radon-specific factors that affect radon concentrations in 
buildings:"

Spreng User's Guide 1.1 10 1 ...concentrations… Having 2 adjacent lists of factors that influence radon concentrations seems confusing and largely redundant. 
Suggest combining the 2 lists.

Spreng User's Guide 1.1 10 Bullet 1 of #4 How is this different than "Barometric pressure changes" listed under "Climate and meteorological factors"?
Spreng User's Guide 1.1 10 Bullet 3 of #4 Ventilation (air exchange rates)
Spreng User's Guide 1 2 3 3 The abbreviated forms (e g., Rn-219) are used elsewhere.

Spreng User's Guide 1.3.1 1 This link (and some others referenced on this site) cannot be reached on my non-government computer. The error message states that 
the computer is correctly configured, but the "resource (EPA-visl.ornl.gov) is not responding."

Spreng User's Guide 1.4 1 #2 ...Antoine Equation:  logP =A(B/C + T). ???

Spreng User's Guide 1.7 1 4-5

It might be worth mentioning that EPA participates in the radon industry-led ANSI/AARST voluntary consensus-based standards “EPA 
Guidance on the Use of Voluntary Consensus Standards for State Indoor Radon Grant Recipients.” 
https://www.epa.gov/sites/production/files/2019-08/documents/august_2019_sirg_vcs_program_guidance_-epa402-b19-080.pdf

Spreng User's Guide 1 8 1 7 This link [to RAGS Part A] does not open.
Spreng User's Guide 2 1 2 The term "compliance levels" should be explained in relation to the term "screening levels" in this sentence.
Spreng User's Guide 2 1 3 Source-specific equations seems more appropriate than "land use equations."
Spreng User's Guide 2 1 8 [Rephrase to:] Both the RVISL and the VISL calculators follow...
Spreng User's Guide 2.4 1 4 ...air screening level (see Section 2.1)...
Spreng User's Guide 2.4 1 5 [Rephrase to:] "To make this comparison, no equations are necessary..."
Spreng User's Guide 3 1 3 The term "compliance levels" should be explained in relation to the term "screening levels" in this sentence.
Spreng User's Guide 3 1 3 Source-specific equations seems more appropriate than "land use equations."
Spreng User's Guide 3 1 9 [Rephrase to:] "Both this calculator and the VISL calculator follow..."
Spreng User's Guide 4 2 1 15 Deposition on surfaces is among the conditions described in Section 1.1.
Spreng User's Guide 4 3 1 4 Deposition on surfaces is among the conditions described in Section 1.1.
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Spreng User's Guide 4.4 1 12-18

These sentences could be combined to avoid the redundancy. If the "more detailed papers" mentioned in the first sentence are the 2 
referred to in the last 2 sentences, then the first sentence could simply be deleted. The second sentence could begin: "Air exchange 
rates can be measured..." The links to the documents do not work (at least on non-government computers).

Spreng User's Guide 5 Change multiple references to 2 5oC to 25oC
Spreng User's Guide 6 Ref 10 Most of the links to EPA documents cannot be opened.

Williams A1

Is the website clearly organized  described  easy to navigate  and generally “user friendly” and appropriate for the target 
audience? 
The welcome section provides good information but it needs to be simplified with similar topics moved together. When the website is 
final the links will make it easy to navigate and user friendly, but they currently are not pointing to the right documents. Theinfo 
contained is appropriate, but it is hard to absorb as some of the thoughts are broken apart.

Also there needs to be some care as the document uses alot of the information in the VISL for the RVISL and it sometimes is not clear 
that the concepts and science used in the development of the RVISLs is based in part on the work and concepts utilized in the VISL. It is 
also not clear if teh RVISL will be completely different than the VISL or if it will be incorporated into it

If not  what do you recommend? 
Breaking apart some of the longer paragraphs and keeping some of the similar info and thoughts together. Also providing some basic 
infomration on the infomration that is being applied from the VISL in a unique chapter that describes vapor intrusion in general and 
then how radon vapor intrusion is similar.

Williams A2

Have the objectives of the RVISL calculator, as stated in the documentation, been met?
The objectives should be more clearly and simply stated so it is hard to understand if they have been met.  
 
 If not  what do you recommend?
Clearly state what the objective is. It appears that besides the calculator that there is another goal to provide updated guidance on how 
to develop screening values. There might be others.

Williams A3

Do you recommend any modifications to the Homepage graphic?
Understanding that that CVI and PVI behaves similarly to radon VI, it might be more appropriate to develop a specific graphic for RVI or 
instead of using it as a RVI graphic use the graphic as a more general represenation of VI in general. would recommend using the 
graphic on Page 14 and 18 of the UseGguide or a similar one/color scheme. 

Williams A4
Do you have any other recommendations to improve the usability of the website?
I think as radon is using a lot of the similar concepts of VI and that web page that there is some additions to that web page that point a 
user to the radon VI web page.

Williams B1

Does the User’s Guide adequately explain the concepts addressed by the calculator and its limitations?
No. If it does, the chapter titles do not make it clear on where a person would go to even find it. The chapter section titles (e g., 1. 
Understanding the RVISL Website and 2. Radon Vapor Intrusion Screening Level Equations) do not point to where the information can 
be found for a user. It does discus how radon concentration are influenced but it does not appeare to describe how the calculator 
addresses it.

Williams B2
Are the assumptions clear and reasonable? If not  what do you recommend?
The asumptions shoud be provided under a single section of the report. 

Williams B3

Are the sources and citations appropriate  and do they represent the current state of knowledge?
Based on my understanding of the VISL the references seam applicable.

Williams C1

Are the 11 questions clearly worded? If not  what do you recommend?
Q2 - Doesn't really tell the user how "To change the attenuation factors." There is alot of info here that is not related to the specific 
question. Recommend that the question is answered with additional detail and the rest is removed or moved to a different FAQ if the 
developer feels that it is important.

Q5 - The first paragraph answers the question. The second paragraph should be moved to a unique FAQ

Williams C2
Are the 11 responses clear  concise  and accurate? If not  what do you recommend?
The recommendations are provided under charge question C1
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Williams C3
Are there other helpful questions and answers that should be added? If yes  please list the questions.
Recommendations include breaking questions Q2 and Q5 into 2 different questions.

Williams D1
Are the results clearly explained and presented? If not  what do you recommend?

Yes

Williams D2

Are the results appropriately described and qualified (to the extent that they may be relied upon and defended)? If not  what do 
you recommend?

Yes

Williams D3

Do the results provide defensible explanation of how they were derived, or are they the result of a “black box?” Do you 
recommend anything different? 

They are a black box. It is however, a calculator. Possibly put some type of note or link where the explanations can be found. 

Williams D4

RVISL calculation of the equilibrium level (Feq) of radon progeny that would be present in indoor air is based on air exchange rate. 
Should other mechanisms (seasonal atmospheric changes  building construction  surface plating  aerosol sizes  regional geology  
air flow) be incorporated in the calculation? 

I would make this modification, but as a higher level site-specific calculator as most users will not have that information.

Williams  Welcome   General 
Comment

My background is in chemical vapor intrusion (PVI and CVI) and natually occuring radon. It took several times reading the title and then 
the intruduction to sort out that the radon that being discussed is from radionuclide contaminantion and not naturally occuring radon 
or from chemical vapor intrusion, especially as the figure you are using is the exact same figure that was generaterd for chemical vapor 
intrusion and the links take you to the VISL vs the RVISL. I would recommend making the title more specific and/or adding sometype of 
call-out box so that when someone hits the homepage that it is clearer what type of vapor intrusion they are dealing with. 

Williams  Welcome 1  Figure Recommend that a figure for RVISL be different then what is used for the chemical VISL similar to the figures in the user guide
Williams  Welcome 1  Figure Figure did not appear correctly on the website and only was observable on the supplied PDF

Williams  Welcome 1  Figure

This figure is typically associated with chemical vapor intrusion. I would recommend that you change the language so that it states:

This figure depicts the migration of radon from radionuclide contaminants in soil gas from contaminated soil and groundwater into 
buildings. Radon in soil gas from radionuclide contaminants is shown to enter buildings through cracks in the foundation and openings 
for  utility lines similar to other forms of contamination. Atmospheric conditions and building ventilation are shown to influence radon 
soil gas intrusion.

Williams  Welcome 1  Figure Recommend that you do not start with the figure.  Move the figure down.
Williams Welcome 2 Figure caption Insert: "from radionuclide contaminants" after radon

Williams  Welcome 20-23   Links
 the Preliminary Remediation Goals link takes you to the right page but the "What's New", "User's Guide",  "Frequently Asked 
Questions" and "Fact Sheet" links do not.

Williams  Welcome  Green callout 
box

All links in the green box titled "Radon Vapor Intrusion Screening Levels (RVISL)" actually takes you to the EPA's VISL 
(https://www epa gov/vaporintrusion/vapor-intrusion-screening-level-calculator) and not the radon-VISL page. Apparently this was a 
caching issue which may be a problem for others.

Williams Welcome 29-49 Recommend the 2nd and 3rd paragraph be moved from the Welcome and into the Introduction

Williams Welcome 12-14
Note similar to "Note that for Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) remedial actions, 
dose assessment is generally done only to show compliance with a dose-based Applicable or Relevant and Appropriate Requirement 
(ARAR)." should be in a call out box. 

Williams  Overview Call out box Green callout 
box

Recommend that the first paragraph be broken apart to make it easier to read

Williams  Welcome 29-30  
"The RVISL calculator provides updated guidance for developing screening levels (SLs) or preliminary remediation goals (PRGs)" is 
technically not correct. The website is providing the updated guidance and the calc is providing calculated cleanup values.

Williams Introduction 57-62  This paragraph seems out of place.
Williams Introduction 59  The chain link in the "Click the decay chain link" should be a link to where you want the user to go.
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Williams Introduction 59-62   

"Click the decay chain link to see the decay series for Rn-222, Rn-220, and Rn-219. The metal groups in these images are based on Los 
Alamos National Laboratory literature. See section 2.2 of the User's Guide to learn what progeny are evaluated in this web calculator. 
More details about the decay chains can be found in the EPA's Decay Chain Tool."  This is an example where there appears to be the 
same though separated by a different one.  

"Click the decay chain link to see the decay series for Rn-222, Rn-220, and Rn-219." AND "More details about the decay chains can be 
found in the EPA's Decay Chain Tool." is the same thought and could be combined  and the other sentence "See section 2.2 of the 
User's Guide to learn what progeny are evaluated in this web calculator." can be moved to the end.

Williams Introduction 71-73   Links go to the wrong page
Williams FAQs 82  Question 1 It should be made clear that this 
Williams User's Guide Introduction 3 1 It should be made clear that the RVISL calculator doesn’t provide the updated guidance, the user guide does. 

Williams User's Guide Introduction 2 7-9
I would break the following into a callout box to emphasize: "Note that for Comprehensive Environmental Response, Compensation, 
and LiabilityAct (CERCLA) remedial actions, dose assessment is generally done only to show compliance with adose based Applicable or 
Relevant and Appropriate Requirement (ARAR)." 

Williams User's Guide Introduction 3 4-7

 This seams to be pretty important and should be called out or emphasized by making only this statement bold: "The RVISL therefore 
supersedes the risk assessment approach in Preliminary Remediation Goals for Radionuclides in Buildings (BPRG) electronic calculator, 
the dose assessment approach in ARAR Dose Compliance Concentrations Goals for Radionuclides in Buildings (BDCC) electronic 
calculator, and Q17 of the guidance document "Radiation Risk Assessment At CERCLA Sites: Q & A" issued on May 2014.

Williams User's Guide  General 
Comment

There should be some description and overview of each section that is in the user's guide

Williams User's Guide 1.1 6 1 This section identifies specific factors that may render the use of the values inappropriate, but it should also provide direction on what 
to do and that the values should not be used.

Williams User's Guide 1.1 9 4-5 It would seem that the concentration of radon (in vapor though not specific) in a building also depends on the distance of the vapor 
source to the building.

Williams User's Guide 1 3 1  

This statement is important and should be moved to the beginning of the document as well 
"EPA classifies all radionuclides as Group A carcinogens ("carcinogenic to humans"). Group A classification is used only when there is 
sufficient evidence from epidemiologic studies to support a causal association between exposure to the agents and cancer. The 
following sections discuss the sources of inhalation and external exposure via submersion in gas cloud SFs and DCFs used in this cal..."

Williams User's Guide 1.5.2 Is the "One-Hit Rule" a specific rule or just a "concept" Further explanation is warranted.

Williams User's Guide 2 1 1

Section 2. Radon Vapor Intrusion Screening Level Equations states: This section presents the screening levels for human exposure to 
contaminated air. This is not correct. This section provides the equations that are used in the RVISL (but also in combination with 
Sections 3 and 4 as well.The equations and technical
discussion are aimed at developing compliance levels for risk-based and dose-based RVISLs. 

Williams User's Guide 2.1.1 Figure It appears that the "graphical representation" is alligned with a conceptual site model. Conceptual site model is the term that is used in 
the VISL and in discussion VI  it should be 

Williams User's Guide 2.1.1 Figure Recommended to use this graphic as part of the overview along with the figure in 2.1 2

Williams User's Guide 2.1.2 Figure It appears that the "graphical representation" is alligned with a conceptual site model. Conceptual site model is the term that is used in 
the VISL and in discussion VI  it should be 

Williams User's Guide 2.1.2 Figure Recommended to use this graphic as part of the overview along with the figure in 2.1.1
Williams User's Guide 2 Sections 2, 3, 4 are all equations and should be placed in a single chapter for ease of dscussion
Williams User's Guide 3 Sections 2, 3, 4 are all equations and should be placed in a single chapter for ease of dscussion
Williams User's Guide 4 Sections 2, 3, 4 are all equations and should be placed in a single chapter for ease of dscussion

Williams User's Guide 4 2 1 1-3 Air Exchange Rates is described differently then what is presented in EPA's VISL documentation and should be alligned with that 
definition

Williams User's Guide 4 2 1 4-6 Inhalation Fractional Equilibrium Factor is unique to radon and it should be emphasiszed that it is different then chemical VI and how it 
impacts the calculated results

Williams User's Guide 4.4 The collection of ACH should also be descrbed to the user it the calc will allow an inputed value and where it place it

Williams User's Guide General 
Comment

There should be some screen shots of the actual input screen with a descritption of what inputs are placed in each section.

Williams User's Guide 5 Some of the input values are not specifically input paramters so a more generic term would be appropraite
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Commenter Charge Question 
No. Document

Line No. (Home 
Page and FAQs 

only)

Section No. (User's 
Guide only) Paragraph Line Other Descriptor Comment

MATRIX OF PEER REVIEW COMMENTS: Radon Vapor Intrusion Screening Level Calculator
Notes: [Brackets in comments comrpised additional explanation inserted by the peer review contractor ]
Yellow highlighting is used to indicate responses to charge questions. The table can be sorted by color in column B to show only these responses.

Williams  Welcome 6-28

Recommend the first paragraph be broken apart as follows for clarity: 

Welcome to the "Radon Vapor Intrusion Screening Level (RVISL) Calculator Home Page for Radionuclide Contaminants at Superfund 
Sites". This website was developed with DOE's Oak Ridge National Laboratory (ORNL) under an Interagency Agreement with the U.S. 
Environmental Protection Agency (EPA). 

The RVISL website is now the generally recommended source of radon screening levels for all EPA regions. The RVISL calculator output 
provides comparison values and risk and dose estimates for residential and commercial/industrial exposures to radon in soil gas, air, 
and groundwater. The unified use of the RVISLs to screen radon at Superfund sites promotes national consistency. The RVISL uses the 
same database of toxicity values, chemical parameters, and inhalation exposure equations as the Preliminary Remediation Goals (PRGs) 
for Radionuclide Contaminants at Superfund Sites calculator.

Note that for Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) remedial actions, dose 
assessment is generally done only to show compliance with a dose-based Applicable or Relevant and Appropriate Requirement 
(ARAR). 

The RVISL calculator provides default parameters that can be modified to reflect site-specific risks. In addition, the calculator presents 
the option to compare the indoor air concentration, entered by the user or derived from groundwater or soil gas activities, to state 
standards or Uranium Mill Tailings Radiation Control Act (UMTRCA) standards, which also may be potential ARARs. If the calculator is 
used with non-default inputs in a decision on a Superfund site, it is recommended that the inputs be clearly identified and justified by 
the user.

To ensure proper use of the calculator, please review the What's New, User's Guide, and Frequently Asked Questions links. 

The EPA has prepared a fact sheet for the general public that describes RVISL uses, RVISL calculator operation, and land uses available 
for assessment. Additionally, this fact sheet describes the RVISL content in greater detail for EPA staff. 

Williams User's Guide Introduction 3 4 What the RVISL supersedes is an important concept that should be moved to a callout box to provided added emphasis 
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Dr. Rodolfo Avila 

AF Consult AB, Sweden 



 

Rodolfo Avila, Ph.D
 

Dr. Avila is a senior consultant with 35 years experience in the nuclear field, 

specialized in radiological protection and safety. He has a large international 

experience and has been regurlary working as IAEA consultant in projects 

dedicated to improving radiation safety worldwide. Dr. Avila was the funder and 

director of Facilia AB that since 2018 has been integrated with AFRY.

W O R K  E X P E R I E N C E

AF CONSULT AB, Sweden 

Section head 

June 2018 – Present 

Head of Section. Consultancy work for regulators, industry and international 

organizations in various countries. Mainly concerning safety assessment of nuclear and 

radioactive waste management facilities, NORM and legacy sites. 

FACILIA AB, Sweden 

Technical Director 

January 2001 – June 2018 

Founder and director of the company. Consultancy work for regulators, industry and 

international organizations in various countries. Mainly concerning safety assessment 

of nuclear and radioactive waste management facilities. 

SWEDISH RADIATION SAFETY AUTHORITY, Sweden 

Senior Researcher 

January 1996 – December 2000 

Senior researcher at the environmental protection and waste management department. 

Participated in projects dedicated to development of methods and software for safety 

assessment of nuclear facilities and radioactive waste repositories, as well as to 

regulatory review of license applications submitted by operators. He was also involved 

in the development of regulations and regulatory guides.  

RADIATION PROTECTION INSTITUTE, Cuba 

Head of Department 

January 1985 – November 1994 

Head of the department of environmental protection and waste management and the 

radiological laboratory of the nuclear power plant that was under construction. Was 

responsible for the safety assessment and environmental surveillance program around 

the nuclear installations that were under construction at that time in Cuba: a nuclear 

research reactor (VVER type), a nuclear power plant and an isotopes production plant. 



Q U A L I F I C A T I O N S
Uppsala University, Sweden 

Doctorate 1998 

Major: Radioecology 

Zhdanov University, Leningrad, Soviet Union 

Master’s Degree 1985 

Major: Radiochemistry 

Languages: 

Russian – fluent 

English – fluent 

Swedish – fluent 

Spanish – mother tongue 

R E L E V A N T  E X P E R I E N C E

Dr, Rodolfo Avila has more than 35 years of experience in the Nuclear field. Since 1985 

he has been working in the areas of safety assessment of nuclear installations, 

radiation protection and radioactive waste management.  

Since 2007 he has been participating in international projects dedicated to safety 

assessment and environmental impact assessments of NORM and legacy sites. He has 

been key expert in safety assessments in several projects funded by the EC dedicated 

to management and remediation of NORM and legacy sites.  

He was the leader of the NORM and Legacy Sites Working Group of the IAEA 

MODARIA project. Within this project, he led several studies of the impacts from 

discharges to the environments from NORM and legacy sites in different countries. 

He is the main developer of NORMALYSA – a tool distributed freely by IAEA for 

assessment of radiological impacts to the environment from NORM industries and 

legacy sites. NORMALYSA supports assessment of radiological impacts on humans 

and the environment of discharges to the atmosphere, groundwaters and surface 

waters from NORM industries, NORM residuals and sites contaminated with NORM. 

E X A M P L E S  O F  R E L E V A N T  P R O J E C T S  F O R  T H I S  

A S S I G M E N T  

Derivation of specific clearance levels in materials being suitable recycling, 

reuse, or for disposal in landfills (2017-2019). IAEA project.  

Developed the models for derivation of specific clearance levels of radionuclides in 

materials suitable for recycling, reuse, or disposal in landfills. The materials considered 

include residuals from different types of NORM industries. The models account for the 

enrichment of radionuclides during technological processes and estimation of 

radionuclide discharges to the environment. The models were implemented in a 

software tool that will be distributed by the IAEA. The tool was applied for derivation of 

generic specific clearance levels that will be published in 2020 as an IAEA TECDOC.  

Development of NORMALYSA (2014-2017). IAEA project. 

Development of the NORMALYSA Tool for radiological environmental impact 

assessment of NORM and legacy sites. NORMALYSA supports assessment of 

radiological impacts on humans and the environment of discharges to the atmosphere, 

groundwaters and surface waters from NORM industries, NORM residuals and sites 

contaminated with NORM. Within the project the tool was applied in several countries 



for assessments of impacts from NORM industries and sites contaminated with NORM.  

 

Development of the method (strategy, technology) for the remediation activities 

at the former uranium facility Pridneprovskiy Chemical Plant (2014-2016) 

 EC Project (EuropeAid/134871/C/SER/UA) 

The Pridneprovskiy Chemical Plant (Ukraine) was the largest uranium processing 

facility in the former Soviet Union. The plant hosted several NORM industries, such as 

Zirconium production. The plant was abandoned after the fall of the Soviet Union 

becoming a legacy site with a large amount of NORM residual and contaminated 

territories and buildings. The goal of the project was to develop a strategy and propose 

technologies for remediation of the site. This included characterization of the residuals 

and the discharges and proposing approaches for their safe management. The work 

also included the development of regulations for management of the NORM legacy site 

since these were not available in the country.  

 

Development of a design and safety assessment of the management of NORM 

waste in the United Arab Emirates (2015-2017). Project commissioned by Takreer. 

The project was dedicated to estimation of the amounts of radioactive waste generated 

by NORM industries of the UAE, proposing technologies for predisposal management 

of the radioactive waste and the final disposal. All required waste management 

facilities, including the final repository, were designed, and licensed by the national 

regulator. The main role of Rodolfo Avila in the project was to carry out the estimation 

of the radioactive waste inventory and characteristics and perform safety assessments 

of the radioactive waste management facilities and activities.  

 

Conducting an integrated environmental impact assessment and feasibility study 

for the management and remediation of uranium production legacy sites of 

Charkesar and Yangiabad in Uzbekistan (2014-2015). EC project. (UZ4.01/109). 

R. Avila was responsible for the Task 4 dedicated to the safety and risk assessments 

for the two sites. The contribution led to development of plans for decontamination, 

decommissioning, remediation, and radioactive waste management in line with 

international standards, best practices, and national regulations. Under the project, R. 

Avila worked closely with both operators and regulators to ensure the safe 

characterization of sites, evaluation of potential impacts on public and the environment, 

licensing of facilities and activities, regulatory review, and appropriate management 

options for the resulting waste, including clearance options. 



Peer Reviewer Conflict of Interest Certification 

Peer Review:  Draft Radon Vapor Intrusion Screening Level Calculator (RIVSL)  

A conflict of interest or lack of impartiality exists when the proposed peer reviewer personally (or the peer 

reviewer’s immediate family), or his or her employer, has financial interests that may be affected by the results of 
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review, or were you consulted during its development, or did you offer comments or suggestions to any
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Charge Questions (Avila): 

A. Homepage and Overall Website

1. Is the website clearly organized, described, easy to navigate, and generally “user
friendly” and appropriate for the target audience? If not, what do you recommend?

Yes, I think the website is clearly organized, easy to navigate, generally “user friendly”
and appropriate to the target audience.

The text in the home page is too long and could be improved. I provide suggestions in the
attached pdf (RVISL Home Page and FAQs)_Avila).

2. Have the objectives of the RVISL calculator, as stated in the documentation, been met? If
not, what do you recommend?

Yes, the objectives have been met.

3. Do you recommend any modifications to the Homepage graphic?

None.

4. Do you have any other recommendations to improve the usability of the website?

I would add a link to a Glossary page. This can be added to the existing list of links in the
Home Page.

B. User’s Guide

1. Does the User’s Guide adequately explain the concepts addressed by the calculator and
its limitations?

The User´s Guide adequately explains the concepts and their limitations. I have included
some comments in the attached pdf.

2. Are the assumptions clear and reasonable? If not, what do you recommend?

The assumptions are clear and reasonable. I have added some comments to the
assumptions in the attached pdf.

3. Are the sources and citations appropriate, and do they represent the current state of
knowledge? If not, what do you recommend?

The sources and citations cover well the US literature, but it would be good to add
references to sources from other countries and international organizations.

C. Frequent Asked Questions

1. Are the 11 questions clearly worded? If not, what do you recommend?

The questions are generally clearly stated. I proposed some changes in the wording of
questions 3, 4, 7 and 8, see the attached pdf (RVISL Home Page and FAQs)_Avila).
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2. Are the 11 responses clear, concise, and accurate? If not, what do you recommend? 

Some of the answers are not concise and accurate. I proposed some changes in the 
attached pdf (RVISL Home Page and FAQs)_Avila). In particular, the answer that is 
provided to question 8 is not adequate.  

3. Are there other helpful questions and answers that should be added? If yes, please list the 
questions. 
 
One helpful question could be: How do deal with situations where more than one Radon 
isotope, for example Rn-220 and Rn-222, is present? 
 

D. Calculator 

1. Are the results clearly explained and presented? If not, what do you recommend? 

 The results are clearly presented, but not explained. There are explanations in the User´s 
Guide, but it is not obvious where exactly in the Guide each particular result is to be 
found.  

 One solution could be that each result column points to the corresponding equation listed 
in the Calculator and/or the User´s Guide. This might require that the Equations be 
numbered. 

 Another alternative would be to provide a footnote to the Table of results, where each 
result included is listed with a short description and references to the User´s Guide.  

The above shortcoming is illustrated in the attached pdf (Resident_rad_rvisl_results), 
which presents the results generated by the Calculator for the screening levels of Dose-
Type; using default parameter values. It is not obvious what the results presented in the 
columns Inhalation RVISL, Submersion RVISL and Target Indoor Air Concentration and the 
terms used in the User´s Guide for these results are somewhat different. In the same pdf, I 
have also added some comments to the table of results.  
 

2. Are the results appropriately described and qualified (to the extent that they may be relied 
upon and defended)? If not, what do you recommend? 

 The results are mostly appropriated described and qualified in the User´s Guide. It is 
stated in the User´s Guide that results obtained using default parameter values correspond 
to the Reasonable Maximum Exposure (RME), since conservative values are selected as 
defaults. However, it is not always demonstrated that the chosen default values are 
conservative. An example is the Attenuation Factor as explained in the comments to the 
User´s Guide (see attached pdf).  

4. Do the results provide defensible explanation of how they were derived, or are they the 
result of a “black box?” Do you recommend anything different?  

Sufficient explanations of how the results were derived are provided in the User´s Guide.  
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5. RVISL calculation of the equilibrium level (Feq) of radon progeny that would be present 
in indoor air is based on air exchange rate. Should other mechanisms (seasonal 
atmospheric changes, building construction, surface plating, aerosol sizes, regional 
geology, air flow) be incorporated in the calculation?  

In my opinion this is not required for screening assessments which is the intention with 
the RVISL. If such mechanisms are considered, it would be anyway difficult to estimate 
generic default parameter values, without unduly overestimation of the RVISL.  

6. Is there anything else you recommend for the calculator to improve it for its stated 
purpose? 

The use of several conservative parameters in the same equation, might lead to over 
conservative estimates. This is a result of multiplication of errors. For example, if several 
parameters in an equation are multiplied with each other and a low probability value (like 
a 95 percentile) is given to each parameter; then the probability of the obtained result 
might be extremely low. One possible approach to overcome this, would be to perform 
calculations using central values for the parameters and apply an uncertainty factor to the 
results, so that the screening value is set at a reasonable percentile (like the 95 percentile).  

E. Anything Else? 

Is there anything else you would recommend to improve the RVISL calculator’s utility, 
accuracy, completeness, or supportability? 

 Nothing more comes to my mind right now.  



Default 

Resident Equation Inputs 

Variable 
AF~ (Attenuation Factor Groundwater) unitless 
AF •• (Attenuation Factor Sub-Slab) unitless 
ED_ (exposure duration) years 
EF _ (exposure frequency) days/year 
ET_ (exposure time) hours/day 
T gw (groundwater temperature) Celsius 

Output generated 1 0NOV2020:09:01 :SO 

Resident 
Air 

Default 
Value 

0.001 
0.03 
26 
350 

24 
25 

Form-input 
Value 

0.001 
0.03 
26 
350 
24 
25 

1 



Default 2 

Resident Individual Progeny Contributions for Air 

External Henry's 
Exposure 0.18 0.18 Law 

DCF exchanges exchanges Henry's Constant 
Inhalation (Submersion) per hour per hour Law Used in 

DCF (mrem/yr per Lambda Halflife A F HLC Constant Cales 
Isotope (mrem/pCi) pCi/m 3) (1/yr) (yr) (unitless) (unit~ ss) (atm-m 3/mo le) (unitless) (unitless) 

A_-based RV/SL for Rn-219 

Bi-211 0.00E+00 3.87E+02 1.70E+0S 4 .07E-06 8.57E-01 

Pb-211 S.03E-0S 6.01E+02 1.01E+04 6.87E-0S 8.6SE-01 

Po-211 0.00E+00 6.97E+01 4 .24E+07 1.64E-08 2.40E-03 

Po-215 0.00E+00 1.46E+00 1.23E+10 S.6SE-11 1.00E+00 

Rn-219 0.00E+00 4.78E+02 S.52E+06 1.26E-07 1.00E+00 8.57E-01 1.06E-01 4.34E+00 4.34E+00 

Tl-207 0.00E+00 8.61E+01 7.64E+04 9.0SE-06 8.37E-01 

A_-based RV/SL for Rn-220 
Bi-212 6.11 E-05 9.66E+02 6.02E+03 1.1SE-04 2.11 E-01 

Pb-212 3.89E-04 1.14E+03 S.71E+02 1.21 E-03 2.66E-01 

Po-212 0.00E+00 0.00E+00 7.31E+13 9.48E-15 1.3SE-01 

Po-216 0.00E+00 1.31 E-01 1.51 E+08 4 .60E-09 1.00E+00 

Rn-220 8.18E-07 S.2SE+00 3.93E+0S 1.76E-06 1.00E+00 2.11E-01 1.06E-01 4.34E+00 4.34E+00 

Tl-208 0.00E+00 3.14E+04 1.19E+0S S.81E-06 7.46E-02 

A_-based RV/SL for Rn-222 
At-218 0.00E+00 1.83E-01 1.46E+07 4 .76E-08 1.97E-04 

Bi-210 S.40E-04 4.82E+01 S.0SE+01 1.37E-02 0.00E+00 

Bi-214 3.66E-0S 1.33E+04 1.83E+04 3 .79E-0S 8.14E-01 

Hg-206 0.00E+00 1.04E+03 4 .47E+04 1.SSE-05 0.00E+00 

Pb-210 2.23E-02 8.80E+00 3 .12E-02 2.22E+01 0.00E+00 

Pb-214 4 .66E-0S 2.07E+03 1.36E+04 S.10E-0S 8.84E-01 

Po-210 1.73E-02 8.31E-02 1.83E+00 3 .79E-01 0.00E+00 

Po-214 0.00E+00 7.10E-01 1.33E+11 S.21E-12 8.14E-01 

Po-218 7.62E-06 4.89E-04 1.17E+0S S.90E-06 9.87E-01 

Rn-218 0.00E+00 6.3SE+00 6.24E+08 1.11 E-09 1.97E-07 

Rn-222 6.SSE-06 3.23E+00 6.62E+01 1.0SE-02 1.00E+00 8.90E-01 1.06E-01 4.34E+00 4.34E+00 

Output generated 1 0NOV2020:09:01 :SO 



Default 3 

Resident Individual Progeny Contributions for Air 

Target Target 
Target Target Sub-Slab and Sub-Slab and 

Inhalation Indoor Air Indoor Air Exterior Soil Exterior Soil Target 
RVISL Submersion Concentration Concentration Gas Gas Groundwater 

(pCi/m3) RVISL C. , .. C. , .. Concentration Concentration Concentration 

TDL=1 TDL=1 TDL=1 TDL=1 TDL=1 TDL=1 TDL=1 

Isotope (pCi/m3) (pCi/m 3) (pCi/L) 
A_-based RV/SL for Rn-219 3.71E+OO 7.43£-04 

Bi-211 3.15E-03 

Pb-211 3.71 E+00 2.00E-03 

Po-211 6.24E+00 

Po-215 7.16E-01 7.16E-04 
Rn-219 2.18E-03 2.18E-03 2.18E-06 
Tl-207 1.45E-02 1.45E-02 1.45E-05 
A_-based RV/SL for Rn-220 1.38E+OO 3.66£-04 3.65£-()4 3.65£-07 1.22£-02 1.22£-05 8.42£-05 

Bi-212 1.25E+01 5.13E-03 5.13E-03 5.13E-06 
Pb-212 1.56E+00 3.44E-03 3.43E-03 3.43E-06 
Po-212 

Po-216 7.98E+00 

Rn-220 1.97E+02 1.99E-01 

Tl-208 4.45E-04 

A_-based RV/SL for Rn-222 1.90E+OO 8.24£-05 

At-218 2.89E+04 

Bi-210 0.00E+00 0.00E+00 

Bi-214 5.42E+00 9.64E-05 

Hg-206 0.00E+00 0.O0E+O0 0.O0E+O0 
Pb-210 0.00E+00 0.00E+00 0.O0E+O0 0.O0E+O0 
Pb-214 3.92E+00 5.69E-04 5.69E-04 5.69E-07 
Po-210 0.00E+00 0.00E+00 0.O0E+O0 0.O0E+O0 
Po-214 1.80E+00 1.80E+O0 1.80E-03 
Po-218 2.15E+01 2.16E+03 

Rn-218 8.32E+0S 

Rn-222 2.46E+01 3.23E-01 

Output generated 1 0NOV2020:09:01 :SO 



Default 4 

Resident Individual Progeny Contributions for Air 

External Henry's 
Exposure 0.18 0.18 Law 

DCF exchanges exchanges Henry's Constant 
Inhalation (Submersion) per hour per hour Law Used in 

DCF (mrem/yr per Lambda Halflife A F HLC Constant Cales 
Isotope (mrem/pCi) pCi/m 3) (1/yr) (yr) (unitless) (unit~ss) (atm-m 3/mole) (unitless) (unitless) 

Tl-206 0.00E+00 7.42E+01 8.67E+04 7.99E-06 0.00E+00 
Tl-210 0.00E+00 2.47E+04 2.80E+0S 2.47E-06 1.70E-04 

Output generated 1 0NOV2020:09:01 :SO 



Default 5 

Resident Individual Progeny Contributions for Air 

Target Target 
Target Target Sub-Slab and Sub-Slab and 

Inhalation Indoor Air Indoor Air Exterior Soil Exterior Soil Target 
RVISL Submersion Concentration Concentration Gas Gas Groundwater 

(pCi/m3) RVISL C. , .. C. , .. Concentration Concentration Concentration 

TDL=1 TDL=1 TDL=1 TDL=1 TDL=1 TDL=1 TDL=1 

Isotope (pCi/m3) (pCi/m 3) (pCi/m 3) (pCi/m 3) (pCi/L) (pCi/L) 
Tl-206 0.00E+00 
Tl-210 2.49E-01 

Output generated 1 0NOV2020:09:01 :SO 
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 1 

Figure caption: This figure depicts the migration of radon in soil gas from contaminated soil and groundwater 2 
into buildings. Radon in soil gas is shown to enter buildings through cracks in the foundation and openings for 3 
utility lines. Atmospheric conditions and building ventilation are shown to influence radon soil gas intrusion. 4 

Welcome 5 

Welcome to the "Radon Vapor Intrusion Screening Level (RVISL) Calculator Home Page for 6 
Radionuclide Contaminants at Superfund Sites". This website was developed with DOE's Oak 7 
Ridge National Laboratory (ORNL) under an Interagency Agreement with the U.S. Environmental 8 
Protection Agency (EPA). The RVISL website is now the generally recommended source of radon 9 
screening levels for all EPA regions. The RVISL calculator output provides comparison values and 10 
risk and dose estimates for residential and commercial/industrial exposures to radon in soil gas, 11 
air, and groundwater. Note that for Comprehensive Environmental Response, Compensation, and 12 
Liability Act (CERCLA) remedial actions, dose assessment is generally done only to show 13 
compliance with a dose-based Applicable or Relevant and Appropriate Requirement (ARAR). In 14 
addition, the calculator presents the option to compare the indoor air concentration, entered by 15 
the user or derived from groundwater or soil gas activities, to state standards or Uranium Mill 16 
Tailings Radiation Control Act (UMTRCA) standards, which also may be potential ARARs. The 17 
unified use of the RVISLs to screen radon at Superfund sites promotes national consistency. The 18 
RVISL uses the same database of toxicity values, chemical parameters, and inhalation exposure 19 
equations as the Preliminary Remediation Goals (PRGs) for Radionuclide Contaminants at 20 
Superfund Sites calculator. The RVISL calculator provides default parameters that can be 21 
modified to reflect site-specific risks. To ensure proper use of the calculator, please review 22 
the What's New, User's Guide, and Frequently Asked Questions links. The EPA has prepared a fact 23 
sheet for the general public that describes RVISL uses, RVISL calculator operation, and land uses 24 
available for assessment. Additionally, this fact sheet describes the RVISL content in greater detail 25 
for EPA staff. Below is a general description of screening levels for radon. If the calculator is used 26 
with non-default inputs in a decision on a Superfund site, it is recommended that the inputs be 27 
clearly identified and justified by the user. 28 

The RVISL calculator provides updated guidance for developing screening levels (SLs) or 29 
preliminary remediation goals (PRGs) for indoor radon-222, radon-220, and radon-219 that are 30 

water table 

I 
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risk- or dose-based and for showing compliance with the UMTRCA indoor radon standards for 31 
radon-222 and radon-220. The RVISL, therefore, supersedes the risk assessment approach in 32 
Preliminary Remediation Goals for Radionuclides in Buildings (BPRG) electronic calculator, the 33 
dose assessment approach in ARAR Dose Compliance Concentrations Goals for Radionuclides in 34 
Buildings (BDCC) electronic calculator, and Q17 of the guidance document "Radiation Risk 35 
Assessment At CERCLA Sites: Q & A" issued on May 2014. Computer codes such as the RVISL, 36 
which were developed to predict potential human exposure from radon concentrations in indoor 37 
air, are based on simplified equations and assumptions and are highly imprecise for an individual 38 
house or structure. EPA would recommend, where possible, Regions use measurements of radon 39 
indoors rather than rely on the transport portions of the RVISL. In particular, testing of 40 
groundwater or soil gas is not required to demonstrate compliance with RVISL WL, pCi/L, risk, or 41 
dose targets. 42 

Users should note that since background radon levels are typically outside the risk range, the 43 
RVISL calculator is likely to be used primarily for ARAR compliance. For example, the UMTRCA 44 
indoor radon standards 40 CFR 192.12(b)(1) and 192.41(b) were identified as likely Federal ARARs 45 
for Rn-222 and Rn-220 in Attachment A of the EPA guidance document "Establishment of Cleanup 46 
Levels for CERCLA Sites with Radioactive Contamination." There are some state standards 47 
expressed in pCi/l or mrem/yr that, if more stringent than the UMTRCA standards, may be 48 
selected as ARARs. 49 

Introduction 50 

Superfund sites are addressed under the authority of the Comprehensive Environmental 51 
Response, Compensation, and Liability Act (CERCLA) of 1980, which was amended by the 1986 52 
Superfund Amendments and Reauthorization Act. The purpose of this website is to provide a 53 
screening level calculation tool to assist risk assessors, remedial project managers, and others 54 
involved with risk assessment and decision-making at CERCLA sites in developing or refining 55 
screening levels. 56 

Rn-222 is commonly refered to radon because of its parent radium-226. Rn-220 is commonly 57 
called thoron because of its parent thorium. Rn-219 is commonly called actinon because of its 58 
parent actinium. Click the decay chain link to see the decay series for Rn-222, Rn-220, and Rn-219. 59 
The metal groups in these images are based on Los Alamos National Laboratory literature. See 60 
section 2.2 of the User's Guide to learn what progeny are evaluated in this web calculator. More 61 
details about the decay chains can be found in the EPA's Decay Chain Tool. 62 

This tool is based on the Technical Guide for Assessing and Mitigating the Vapor Intrusion 63 
Pathway from Subsurface Vapor Sources to Indoor Air (June 2015). Vapor intrusion occurs when 64 
there is a migration of vapor-forming chemicals or radon from any subsurface source into an 65 
overlying building. Recognition of soil vapor intrusion to buildings and other enclosed spaces 66 
occurred in the 1980s with concerns over radon intrusion. Subsequently, there was an increasing 67 
awareness that anthropogenic chemicals (e.g., petroleum hydrocarbons and chlorinated 68 
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solvents) in soil, groundwater, and sewers and drainlines could also pose threats to indoor air 69 
quality via the vapor intrusion pathway. 70 

The RVISL calculator results were previously verified. The documentation from these may be seen 71 
on the Internal Verification and External Verification pages. The RVISL calculator was also 72 
previously peer reviewed, and the documentation of the review may be seen here. 73 

Chemicals are not addressed on this website. For chemical vapor intrusion, please go to EPA's 74 
Vapor Intrusion Screening Level Calculator. 75 

Note: No consideration is given to ecological effects in the values presented in this calculator. 76 

Frequently Asked Questions 77 

This page presents many questions asked by site users and the applicable responses. Please 78 
search this page for answers to your questions prior to contacting technical support staff. 79 
Researching the questions and answers posted here will greatly reduce the time it takes for 80 
you to solve many problems that arise from calculating and using this SL site. 81 

1. What are RVISLs? How are they used? 82 

RVISLs are preliminary remediation goal concentrations for groundwater, soil gas (sub-83 
slab and exterior), and indoor air to assist Agency staff with making a vapor intrusion 84 
determination based on limited, initial data. 85 

2. How can I change attenuation factors? 86 

To change the attenuation factors, run the calculator; the main page has editable cells 87 
with the default factors presented. 88 

The screening levels for groundwater and soil gas (either sub-slab gas or soil gas 89 
collected exterior to buildings) are calculated from the target indoor air concentrations 90 
using empirically-based conservative "generic" attenuation factors that reflect 91 
generally reasonable worst-case conditions, as described in the EPA's vapor intrusion 92 
guidance. 93 

A critical assumption for this generic model is that site-specific subsurface 94 
characteristics will tend to reduce or attenuate soil gas concentrations as vapors 95 
migrate upward from the source and into overlying structures. Specific factors that may 96 
result in relatively unattenuated or enhanced transport of vapors into a building 97 
include the following: 98 

o Significant openings to the subsurface that facilitate soil gas entry into the building 99 
(e.g., sumps, unlined crawl spaces, earthen floors) other than typical utility 100 
penetrations. 101 



4 

o Very shallow groundwater sources (e.g., depths to water less than five feet below 102 
foundation level)103 

o Significant routes for preferential, subsurface vapor migration whether naturally104 
occurring (e.g., fractured bedrock) or anthropogenic.105 

The factors listed above may negate the appropriate application of the recommended106 
attenuation factors and the sub-slab, groundwater, and soil gas VISLs for purposes of107 
identifying sites or buildings unlikely to pose a health concern through the vapor108 
intrusion pathway. On the other hand, further evaluation of the vapor intrusion109 
pathway is still appropriate when the sub-slab, groundwater, and soil gas VISLs are110 
exceeded for samples from a building or site where these specific factors are present.111 

Vapor source types that typically make the use of the recommended attenuation112 
factors and health-based VISLs for groundwater and soil gas inappropriate include:113 

o Those originating in landfills where methane is generated in sufficient quantities to114 
induce advective transport in the vadose zone.115 

o Those originating in commercial or industrial settings where vapor-forming chemicals116 
can be released within an enclosed space and the density of the chemicals' vapor may117 
result in significant advective transport of the vapors downward through cracks and118 
openings in floors and into the vadose zone.119 

o Leaking vapors from pressurized gas transmission lines.120 

In each case, the diffusive transport of vapors may be overridden by advective121 
transport, and the vapors may be transported in the vadose zone several hundred feet122 
from the source of contamination with little attenuation in concentration. In general,123 
EPA recommends considering whether the assumptions underlying the generic124 
conceptual model are attained at a given site. If they are not attained, then EPA125 
recommends that the medium-specific VISLs not be relied upon as a line of evidence for126 
identifying sites or buildings unlikely to pose a health concern through the vapor127 
intrusion pathway. Where the assumptions regarding the subsurface attenuation128 
factors do not or may not apply, EPA generally recommends collecting indoor air129 
samples.130 
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3. Why can't I calculate RVISLs for bulk soil samples? 131 

Consistent with the 2015 OSWER Technical Guide for Assessing and Mitigating the Vapor 132 
Intrusion Pathway from Subsurface Vapor Sources, "bulk soil (as opposed to soil gas) 133 
sampling and analysis is not currently recommended for estimating the potential for 134 
vapor intrusion to pose unacceptable human health risk in indoor air, because of the 135 
potential for vapor loss due to volatilization during soil sampling, preservation, and 136 
analysis. In addition, there are uncertainties associated with soil partitioning 137 
calculations." 138 

4. How can I access the " forward calculator"  function? 139 

In addition to calculating screening levels, the calculator allows the user to input data 140 
collected from their site. This data is used to model the indoor air concentration, 141 
calculate a chronic daily intake, and present cancer risk. On the calculator main page, 142 
select "Yes" under the section titled " Predict indoor air concentrations and risk from 143 
measured media concentrations?" . A choice will be presented for the user to select 144 
between air, soil gas, and groundwater data. "Site-specific" mode is automatically 145 
activated, and the user will be prompted to enter their site data. 146 

5. How can I adjust groundwater temperatures? 147 

The main page of the calculator has a cell where the temperature can be changed from 148 
the default of 25 °C. 149 

Users are given the option to change the groundwater-soil system temperature from 150 
the default of 25°C to a site-specific value. Since the unitless Henry's Law Constant (H') 151 
is derived based on the partial pressure of a gas in equilibrium with a liquid and the 152 
equilibrium changes when temperature changes, H' is changed to reflect the 153 
equilibrium at the given temperature. The equation below illustrates how H' is derived 154 
when groundwater temperature is changed. An EPA Fact Sheet describing the process 155 
can be found at https://www.epa.gov/vaporintrusion/fact-sheet-correcting-henrys-law-156 
constant-temperature. 157 

6. How are the results converted to a mass basis? 158 

Appendix B of the Soil Screening Guidance for Radionuclides Technical Background 159 
Document presents a formula for converting PRGs in pCi/g to mg/kg and also a formula 160 
for converting pCi/L to mg/L. The equation is reproduced here with similar conversions 161 
for mg/m3 and mg/cm2. 162 
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165 

166 
167 

168 
169 

170 

171 
172 

C. (mg/L) = 2 .8x1 □·15 ( mg•mole ) xA ( - 9- ) xr (years)xC (pCi/L) 
I,a pCl-g•year w mole 112 gw 

and: 

c. (mgtm3) =2.ax10·15 ( mg•mole ) xA ( - 9- ) xr
112 

(years)xC (pc itm3) 
1,a pCl-g•year w mole sg 

where: 

Aw is the radionuclide atomic we ight and r
112 

is the radionuclide half-l ife . 

The derivation of the 2.8 x 10·12 conversion is presented below. 

2_8x10.1s ( mg.mde) • (1x10·
1
_:?ci}(3.7x10

10
'1/s)x(31,536,000 s)x-1-x(all:>ms\,( I mole )x (1000 mg) 

ljiCl.g")'ear pC1 c, year 0.693 nt / 6.023x1023all:>ms 9 

'llhere: 

nt • r..ideet transfonnerlions (decays) 

A(~) • N(numberoferloms) xo.693( ~ ) 
year T v, (years) alxlm 

Combination of the derivation of the conversions w ith the isotope-specific half life and 
atomic weight is presented here. 

C (mgll.) = C (pCiil.)• (1 ,10· 1_2C•)•(3 7•
1
01_° "¼)•(31.536 ODO s). _ 1_. (atoms) • ( 1 mole ] • (1000 mg)•A (_g_)xr 

12 
(years) 

1,a gw pC, C, year 0.693 nt 6 023 x1023ato ms g w mole 1 

and 

C. (mglm3) = C [pCi/m3)x (1 ,10· 1
2c;)• (3.7x101_ DnY.), (31 f,36 ,000 •)•-1-x (atoms)x( l mole )x(1 000 mg)•A (-9- ) xT ( )-ears) 

•.• •9 pC, c, yeo r 0.693 nt 6.023•l023atoms g w mo le 1n 

where 

Aw io the radionuclide atomic weight sndT
112 

,o t he radionuclide hslf- lfe. 

nt = nudear transformalons (decays) 

A(~) = N(nu mb er o f a toms) xO.S93 (~) 
year r

112 
(yoars) a to m 

173 7. How were the UMTRCA working level {WL) standards converted to pCi/ L? 
174 
175 
176 

This table depicts the three steps to convert the UMTRCA WL standard to pCi/ L. For more 
discussion on Wl s, see the User's Guide Section 2.8. 
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Rn-222 

1 WL = 100 pCi/L 

1 WL = 100,000 pCi/m3 

1 WL = 3.7 Bq/L 

1 WL = 3,700 Bq/m3 

Rn-222 

1 WL = 250 pCi/L 

1 WL = 250,000 pCi/m3 

1 WL = 9.25 Bq/L 

1 WL = 9,250 Bq/m3 

Rn-222 

0.02 WL = 5 pCi/L 

0.02 WL = 5,000 pCi/m3 

0.02 WL = 0.185 Bq/L 

Rn-220 

1 WL = 7.5 pCi/L 

1 WL = 7,500 pCi/m3 

1 WL = 0.2775 Bq/L 

1 WL = 277.5 Bq/m3 

Rn-220 

1 WL = 375 pCi/L 

1 WL = 375,000 pCi/m3 

1 WL = 13.875 Bq/L 

1 WL = 13,875 Bq/m3 

Rn-220 

0.02 WL = 7.5 pCi/L 

0.02 WL = 7,500 pCi/m3 

0.02 WL = 0.2775 Bq/L 

7 

Rn-219 

1 WL = 162 pCi/L 

1 WL = 162,000 pCi/m3 

1 WL = 5.994 Bq/L 

1 WL = 5,994 Bq/m3 

Rn-219 

Unable to provide 
conversion due to 
missing F eq from 
Federal Guidance 

for Rn-219. 

Rn-219 

Unable to provide 
conversion due to 
missing F eq from 
Federal Guidance 

for Rn-219. 



0.02 WL = 185 Bq/m3 0.02 WL = 277.5 Bq/m3 

177 Working Level Conversion References 

178 o David Allen. Dose Conversion Factors for Radon WLM. Centers for Disease Control (CDC), 
179 June 2018. 

180 o Health Physics Society (HPS). Ask the Experts: Environmental and Background 
181 Radiation - Radon. May 2017. 

182 8. When do I use risk-based versus dose-based versus WL screening level types? 

183 The RVISL calculator is likely to be used primarily for ARAR compliance. For example, 
184 the UMTRCA indoor radon standards 40 CFR 192.12(b)(1) and 192.41(b) were identified 
185 as likely Federal ARARs for Rn-222 and Rn-220 in Attachment A of the EPA guidance 
186 document "Establishment of Cleanup Levels for CERCLA Sites with Radioactive 
187 Contamination. " There are some state standards that may be expressed in pCi/1 or 
188 mrem/ yr that if more stringent than the U MT RCA standards may be selected as ARA Rs. 
189 Background levels of indoor radon will typically exceed the risk range, and it would 
190 generally not be expected that remediation levels for indoor radon would be risk-based 
191 or based on background. The risk portions of the RVISL can still be used to provide risk 
192 estimates for the ARAR-based remediation levels. 

193 9. When should modelling instead of measurements be used for indoor radon? 

194 Computer codes such as the RVISL, which were developed to predict radon 
195 concentrations in indoor air for potential human exposure based on simplified 
196 equations and assumptions, are highly imprecise for an individual house or structure. 
197 EPA would recommend, where possible, Regions use measurements of radon indoors 
198 rather than rely on the transport portions of the RVISL. In particular, testing of 
199 groundwater or soil gas is not required to demonstrate compliance with RVISL WL, 
200 pCi/L, risk, or dose targets. 

201 10. Why do the Superfund RVISL calculator risk results for 4 pCi/ L of Rn-222 in air differ 
202 from the reported ORIA health risks for the same activity? 

203 The RVISL calculator risk results for 4 pCi/ L of Rn-222 in air differ from the reported 
204 ORIA health risks for the same activity for several reasons. The first reason for a 
205 difference in the risk results is that the RVISL calculator uses risk coefficients based on 
206 morbidity (getting cancer) from inhalation and submersion exposure routes, while the 
207 ORIA tables are based on mortality (death) from inhalation-induced lung cancer only. 
208 The ORIA Health Risk of Radon web page reports that for smokers and never-smokers, 
209 the mortality risk from lung cancer of 4 pCi/L of Rn-222 is 62 out of 1,000 people and 7 
210 out of 1,000 people, respectively, or 6.2 x 10·2 and 7 x 10-3. Given in the scientific notation 
211 format used in the RVISL, this relates to a lung cancer mortality risk of 6.2E-02 and 7E-
212 03, respectively. The RVISL residential risk results for a combination of smokers and 
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213 never-smokers to 4 pCi/L of Rn-222 in air is 8.39E-02, which rounds to 8.4 x 10·2 • 

214 Additionally, the ORIA risk estimates are based on an average population study, where 
215 the individual's exposure parameters are not considered, while the RVISL results are 
216 based on a reasonably maximum exposed (RME) individual. The individual exposure 
217 parameters considered in Superfund assessments include dwelling air exchange rate, 
218 inhalation rates, exposure duration, and resident time indoors. 

219 For more information on different methods for making radon inhalation cancer risk 
220 estimates see section 2.3.1 of the User Guide. 

221 11. I noticed the VISL and RVISL use the same attenuation factors. Are the VISL default 
222 attenuation factors appropriate for use in the RVISL calculator? 

223 The default VISL attenuation factors are also used in the RVISL. In fact, radon intrusion 
224 studies were the foundation for recognition that chemical vapors also intrude into 
225 buildings and enclosed spaces from soil and groundwater sources (EPA 1995). It was 
226 also observed that vapor intrusion mitigation remedies suppress both chemical and 
227 radon gasses and that monitoring radon intrusion is a viable surrogate for predicting 
228 chemical intrusion susceptibility in buildings (EPA 2015). Many studies reported in EPA 
229 2012a, demonstrate strong correlation between radon and chemical sub-slab soil gas 
230 attenuation factors calculated when the radon and chemicals are uniformly collocated. 

231 The default attenuation factors can be substituted for site-specific attenuation factors if 
232 underlying site conditions are known. EPA 2012b presents site-specific attenuation 
233 factors for sub-slab soil gas, groundwater, and crawlspaces for chemicals. The 
234 attenuation factors are summarized in the following table. The defaults used in the VISL 
235 and RVISL calculators are highlighted. The defaults are based on the 95th percentile and 
236 are appropriate for adjusting an RME scenario. The 50th percentile values would be more 
237 appropriate for a central tendency exposure scenario where a large amount of 
238 sampling data is available to reduce uncertainty in calculating the exposure 
239 concentration or defining nature and extent of the source term. 

- - - Th, l'S'ifflfiilrn - - - - -l...,Ui'l'lril ......!..... , -"'''"ll:.llll0<11l1J1Uo&lflHIJ-, 

Residence Type Median (50th percentile) 95th Percentile 

All residences 3E-03 (0.003) 3E-02 (0.03)* 

Residences with basements 3E-03 (0.003) 3E-02 (0.03) 

Residences with slab-on-grade 3E-03 (0.003) lE-02 (0.01) 
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.~•11111 -:-.. .. ,-. --1:..1111l:---.1r.11tl.,-;~IJl~r.;,.,11--;.11-., 

Scenario Median (50th percentile) 95th Percentile 

All soil types and water depths 7E-05 (0.00007) IE-03 (0.001)* 

Fine soil type 5E-05 (0.00005) 5E-04 (0.0005) 

Coarse soil type l E-04 (0.0001) lE-03 (0.001) 

Ve1y coarse soil type 2E-04 (0.0002) 4E-03 (0.004) 

Depth to water < 1.5 m 6E-04 (0.0006) 7E-03 (0.007) 

Depth to water 1.5-3 m l E-04 (0.0001) 2E-03 (0.002) 

Depth to water 3-5 m 4E-05 (0.00004) 2E-03 (0.002) 

Depth to water > 5 m 5E-05 (0.00005) 6E-04 (0.0006) 

- - I~ - - - - -].a'W[.lillllllll _..L_........:..J.l..!.'w ■■:.. ■ 111'. ■ IIIU1J9'l - ■ 11-., 

Scenario Median (50th percentile) 95th Percentile 

All residences 4E-03 (0.004) 3E-01 (0.3) 

-- .. ---- -l.i!P. .. '-'MIL."11111.l '■l.;..'-'-~••:i.1 IV.II I ,ll , 11r 

Scenario Median (50th percentile) 95th Percentile 

All residences 4E-01 (0.4) 9E-01 (0.9) 

240 *These are the VISL and RVISL defaults. 
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Welcome to the EPA's Radon Vapor Intrusion Screening Level (RVISL) 

Calculator User's Guide for Radionuclide Contaminants at Superfund Sites. 

This guide contains descriptions, equations, and default exposure parameters 

used to calculate cancer risk and dose-based RVISLs. Additional guidance is 

also provided on sources of parameters and proper RVISL use. It is suggested 

that users read the RVISL Frequent Questions page before proceeding. The 

user guide is extensive, so please use the "Open All Sections" and "Close All 

Sections" links below as needed. Individual sections can be opened and closed 

by clicking on the section titles. Before proceeding through the user's guide, 

please read the Disclaimer. 

This tool provides screening level concentrations of radon for groundwater, 

soil gas (sub-slab and exterior), and indoor air to assist Agency staff with 

Radon Vapor lnh·usion 

Screening Levels 
(RVISL) 

• Home Page 

• User's Guide 

• What's New 

• Frequent Quest ions 

• Equations 

• RVISL Calculato r 

• Generic Tables 

making a radon vapor intrusion screening level (RVISL) determination based on limited, initial data. In addition to 

calculating screening levels, this tool can calculate indoor air concentrations from radon in soil gas and 

groundwater concentrations entered by the user. The cancer risk and dose from calculated indoor air 

concentrations and user-provided indoor air concentrations can also be calculated. The equations for these features 

are presented in the following sections. Note that for Comprehensive Environmental Response, Compensation, and 

Liability Act (CERCLA) remedial actions, dose assessment is generally done only to show compliance with a dose

based Applicable or Relevant and Appropriate Requirement (ARAR). In addition, the calculator presents the option 

to compare the indoor air concentration, entered by the user or derived from groundwater or soil gas activities, to 

state standards or Uranium Mill Tailings Radiation Control Act (UMTRCA) standards, which also may be potential 

ARARs. For more information on when UMTRCA indoor radon standards are potential ARARs, see the guidance 

document " Establishment of Cleanup Levels for CERCLA Sites with Radioactive Contamination" Attachment A: 

Likely Federal Radiation {AEA, UMTRCA, CAA, CWA, SOWA) ARARs, page 3 {OSWER Directive 9200.4-18, August 1997). 

Users should note that since background radon levels are typically outside the risk range, the RVISL calculator is 

likely to be used primarily for ARAR compliance. For example, the UMTRCA indoor radon standards 40 CFR 192.12(b) 

(1) and 192.41(b) were identified as likely Federal ARARs for Rn-222 and Rn-220 in Attachment A of the EPA guidance 

document "Establishment of Cleanup Levels for CERCLA Sites with Radioactive Contamination." There are some 

state standards expressed in pCi/ 1 or mrem/yr that, if more stringent than the UMTRCA standards, may be selected 

asARARs . 



The RVISL calculator provides updated guidance for developing screening levels (Sls) or preliminary remediation 

goals (PRGs) for indoor radon-222, radon-220, and radon-219 that are risk- or dose-based and for showing 

compliance with the UMTRCA indoor radon standards for radon-222 and radon-220. The RVISL, therefore, 

supersedes the risk assessment approach in Preliminary Remediation Goals for Radionuclides in Buildings (BPRG) 

electronic calculator, the dose assessment approach in ARAR Dose Compliance Concentrations Goals for 

Radionuclides in Buildings (BDCC) electronic calculator, and Ql 7 of the guidance document "Radiation Risk 

Assessment At CERCLA Sites: Q & A" issued on May 2014. Computer codes such as the RVISL, which were developed 

to predict potential human exposure from radon concentrations in indoor air, are based on simplified equations and 

assumptions and are highly imprecise for an individual house or structure. EPA would recommend, where possible, 

Regions use measurements of radon indoors rather than rely on the transport portions of the RVISL. In particular, 

testing of groundwater or soil gas is not required to demonstrate compliance with RVISL WL, pCi/ L, risk, or dose 

targets. 

Open All Sections I Close All Sections 

Disclaimer 
This guidance sets forth a recommended, but not mandatory, approach based upon currently available information 

with respect to risk and dose assessment for response actions at CERCLA sites. This document does not establish 

binding rules. Alternative approaches for risk assessment may be found to be more appropriate at specific sites 

(e.g., where site circumstances do not match the underlying assumptions, conditions, and models of the guidance). 

The decision whether to use an alternative approach and a description of any such approach should be documented 

for such sites. Accordingly, comments questioning the use of the approaches recommended in this guidance at 

individual CERCLA sites should be considered and an explanation provided for the selected approach. 

It should also be noted that the radon vapor intrusion screening levels (RVISLs) produced by this calculator are 

based upon human health risk and do not address potential ecological risk. Some sites in sensitive ecological 

settings may also need to be evaluated for potential ecological risk. EPA's guidance "Ecological Risk Assessment 

Guidance for Superfund: Process for Designing and Conducting Ecological Risk Assessment" contains an eight step 

process for using benchmarks for ecological effects in the remedy selection process. 

The RVISL calculator provides updated guidance for developing screening levels (Sls) or preliminary remediation 

goals (PRGs) for indoor radon-222, radon-220, and radon-219 that are risk- or dose-based and for showing 

compliance with the UMTRCA indoor radon standards for radon-222 and radon-220. The RVISL, therefore, 

supersedes the risk assessment approach in Preliminary Remediation Goals for Radionuclides in Buildings (BPRG) 

electronic calculator, the dose assessment approach in ARAR Dose Compliance Concentrations Goals for 

Radionuclides in Buildings (BDCC) electronic calculator, and Ql 7 of the guidance document "Radiation Risk 

Assessment At CERCLA Sites: Q & A" issued on May 2014. 

1. Introduction 
A purpose of this gu idance is to provide a radon vapor intrusion screening level (RVISL) ca lcu lation tool to assist risk assessors, 

remedial project managers, and others involved with risk assessment and decision-making at CERCLA sites in developing 

RVISLs. This RVISL ca lcu lator is based on the Technica l Gu ide for Assessing and Mit igating the Vapor Intrusion Pathway from 

Subsurface Vapor Sources to Indoor Air (June 2015) which provides gu idance on ca lcu lating risk-based VISLs with adaptat ions 



specifically for radon. Init ially used at the scoping phase of a project using read ily available information, risk-based RVISLs 

may be modified based on site-specific data gathered during the RI/FS study. RVISL development and screening should assist 

staff in streamlin ing the consideration of remedial alternatives. Radionuclide-specific RVISLs are from two general sources. 

These are: (1) concentrations based on potential Applicable or Relevant and Appropriate Requirements (ARARs) and (2) risk

based concentrations. ARARs include concentrat ion limits set by other environmenta l regu lat ions, such as Safe Drinking 

Water Act maximum contaminant levels (MCLs). The second source for RVISLs, and the focus of this database tool, is risk

based calcu lations that set concentration Ii mits using carcinogenic toxicity va lues under specific exposure condit ions. 

The recommended approach for developing remediation goals is to ident ify RVISLs at scoping, modify them as needed at the 

end of the RI or during the FS based on site-specific information from the baseline risk assessment, and ultimately select 

remediation levels in the Record of Decision (ROD). In order to set rad ionuclide-specific RVISLs in a site-specific context, 

however, assessors must answer fundamental quest ions about the site. Information on the rad ionuclides that are present 

onsite, the specific contaminated media, land-use assumptions, and the exposure assumptions beh ind pathways of 

individual exposure is necessary in order to develop rad ionuclide-specific RVISLs. The RVISL ca lcu lator provides the ability to 

modify the standard default PRG exposure parameters to ca lculate site-specific RVISLs. 

This database tool presents standardized risk- and dose-based RVISLs and variable risk-based RVISL calculation equations for 

radioact ive contaminants. Ecological effects are not considered in the calculator for radionuclide RVISLs. 

RVISLs are presented for indoor residents and workers for air, tap water, and sub slab soil gas. The primary RVISLs are based 

on the ca rcinogen icity of radon and short-lived progeny. Secondary RVISLs may be ca lulated based on dose or working levels 

(WLs). Cancer slope factors (SFs) and dose coefficients (DCFs) used are provided by thP. Center for Radiation Protection 

Knowledge. The main report is Ca lculat ions of Slope Factors and Dose Coefficients, and the tables of slope factors are in a 

separate appendix. Inhalat ion risk and dose coefficients are provided in a more recent report, Radon Cancer Risk Coefficients 

& Age-Specific Effective Dose Coefficients .. 

Non-ca rcinogenic effects are not considered for radon. 

The standardized RVISLs are based on defau lt exposure parameters and incorporate exposure factors that present RME 

condit ions. Once this database tool is used to retrieve standard RVISLs or ca lculate site-specific RVISLs, it is important to 

clea rly demonstrate the equations and exposure parameters used in the ca lcu lat ions. Discussion of the assumptions that go 

into the calcu lated RVISLs shou ld be included in the document where the RVISLs are presented, such as a Remedial 

Investigation (RI) Report or Feasibi lity Study. 

This website combines current Center for Radiation Protect ion Knowledge SFs and DCFs with standard exposure factors to 

estimate contaminant concentrations in environmental med ia (air, soil gas, and groundwater) that are protect ive of humans 

(including sensitive groups) over a lifetime. Sufficient knowledge a bout a given site may warrant the use of site-specific 

assumptions, which may differ from the defau lts. Exceed ing a RVISL usua lly suggests that further eva luation of the potent ial 

risks is appropriate. The RVISL concentrations presented on this website can be used to screen pollutants in environmental 

med ia, t rigger further investigation, and provide initial cleanup goals, if applicable. RVISLs shou ld be applied in accordance 

with gu idance from EPA Regions. 

In addition to this gu idance, for relevant training, see the internet-based course "Rad iat ion Risk Assessment: Updates and 

Tools." 

2. Understanding the RVISL Website 



2.1 General Considerations 

Radon is an inert, cancer-causing, rad ioactive gas at room temperature, and the fo llowing criteria used to 

determine if a chemical is su itable for vapor int rusion analysis will be ignored for this calcu lator. 

• To determine vapor int rusion of a chemica l, the chemica l must fi rst meetthe criteria for volatility, 

wh ich is either a Va por Pressure> 1 mm Hg or a Henry's Law Constant> 1 x 10-5 atm-m3/mol. 

• A chemical must be sufficient ly volatile and toxic to pose inha lation or externa l exposure risk via vapor 

int rusion from a soil source. 

• Third, the chemica l must be sufficient ly volatile and toxic to pose inhalat ion or externa l exposure risk 

via vapor int rusion from groundwater. 

• The chemical must conta in either a reference concent ration (Rf() o r an inha lation unit risk (IUR) for a 

VISL to be calcu lated. 

While radon is su itable for the vapor intrusion models used for chemica ls, t his language is not su itable fo r 

radon. Radon has inhalat ion and externa l exposure (submersion) risk coefficients (slope factors) and dose 

coefficients. Addit ionally, all radionuclides are considered Group A carcinogens by the EPA. 

The concentration ratios between radon and its progeny indoors (i.e., the indoor F eq) is very much influenced 

by vent ilation, exhalation, solid-particle concent rat ion, and su rface deposition of radon progeny (Chen & 

Harley, 2018). Exhalation, solid-particle concent ration, and su rface deposition were omitt ed in this study, for 

simplification. Air quality was also neglected, and it was assumed that actinon, thoron, radon, and 

subsequent progeny were uniformly d istributed over the air volume. 

The medium-specific RVISLs for health protection are developed considering a generic conceptua l model for 

vapor int rusion consisting of: 

• a source of vapors underneath the build ing(s) eit her in the vadose zone or in the uppermost, 

continuous zone of groundwater, separations between wal ls and fou ndation slabs, cracks in 

foundations; 

• vapor migrat ion via d iffusion upwards th rough unsaturated soils from these sources toward the 

ground su rface and overlying bu ild ings; and 

• build ings with poured concrete foundations (e.g., basement o r slab-on-grade fou ndations) that are 

suscept ible to soil gas ent ry. 

A crit ical assumpt ion for t his generic model is t hat site-specific subsurface characteristics wi II tend to reduce 

or attenuate soil gas concent rat ions as vapors migrate upward from the source and into overlying structures. 

The RVISL relies on defau lt attenuation factors developed from measured VI data; however, some site

specific characteristics may result in relatively unattenuated or enhanced transport of vapors into a 

building. These factors include: 

• significant openings to the subsurface that facilitate soil gas ent ry into the build ing (e.g., sumps, 

un lined crawl spaces, earthen floors) other than typical utility penetrations; 

• very shallow groundwater sources (e.g., depths to water less than five feet below foundation level); and 

• significant routes for preferent ial, subsurface vapor migration, whether natura lly occurring (e.g., 



fractu red bedrock) or anthropogenic (e.g., abandoned underground utilities, gravel, highly permeable 

soil under foundation). 

These specific factors may render the use of the recommended attenuation factors and the sub-slab, 

groundwater, and soil gas RVISLs inappropriate for purposes of identifying sites or buildings unlikely 
to pose a health concern through the vapor intrusion pathway. On the other hand, further evaluat ion of 

t he vapor int rusion pathway is st ill appropriate when the sub-slab, groundwater, and soil gas RVISLs are 

exceeded fo r samples from a bu ilding or site where these specific factors are present. 

In addition, certain vapor sources, listed below, invalidate the recommended attenuation factors 
and screening levels used for the RVISL: 

• those originat ing in landfil ls where radon is generated in sufficient quant ities to induce advective 

transport in the vadose zone and 

• those originat ing in commercial or indust rial sett ings where radon can be released within an enclosed 

space and where the density of t he radon vapor may resu It in significant advective transport of t he 

vapors downward through cracks and openings in floors and into the vadose zone. 

In each case, the diffusive transport of vapors may be overridden by advective t ransport, and the vapors may 

be t ransported in the vadose zone several hundred feet from the source of contam inat ion with little 

attenuation in concent ration. 

The previously mentioned assumpt ions and warnings involving attenuation factors are fo r generic chemica ls 

and do generally apply to radon; however, t here are add it iona l considerations for radon entry dynamics. It is 

recommended that users of this ca lculator consider all t hese factors and the ones that are listed below. The 

concent ration of radon in a bu ild ing depends on: 

1. Source of radon and its strength 

2. Transport of radon 

o Pathways 

• Soil - high soil porosity o r ut ility trenches, etc. 

■ Building Shell - jo ints, cracks, earthen areas, utility penetrat ions, etc. in the foundation 

o Driving forces that pull o r push radon towards the bui ld ing and inside the build ing. 

■ air pressure d ifferences 

■ d iffusion 

• emanat ion 

■ well water 

• environmental effects (e.g., frost or saturated upper soil horizon, rain, pavement around 

bu ildings can "cap" the soil) 

3. Vent ilation rate of build ing 

Radon concentrations are influenced by the complex interaction of: 

1. Loca l geology 

2. Soil 



o Parent isotope content 

o Moistu re content 

o Temperature d ifference 

o Permeability 

o Water table fluctuation 

3. Climate and meteorological factors 

o Season 

o Baromet ric pressure changes 

o Precipitation (e.g., ra te, amount) 

o Wind speed and d irection 

o Snow cover o r soi I saturation 

o Temperature inversions 

4. Bu ilding cha racteristics 

o Pressure d ifferences 

o Heatingsystems 

o Ventilat ion 

o Water source 

o Bu ilding materials 

5. Occupant Act ivit ies 

o Window opening 

o Fireplace and wood stove use 

2.2 RVISL WL, Risk, & Dose Screening Level Output Options 

Th is ca lcu lato r only offers one output option, whereas other EPA risk and dose calculators offer the fo llowing 

three options: 

• Assumes secu lar equilibrium throughout chain (no decay); 

• Does not assume secu lar equ ilibrium, provides results for progeny throughout chain; and 

• Does not assume secu lar equ ilibrium, provides results for selected isotopes only. 

The RVISL output is based on an equil ibrium relationship of t he three parent isotopes to their progeny. In t he 

case of Rn-222, t his means the progeny prio r to Pb-210; for Rn-220 and Rn-219, all progeny are included. This 

equ ilibrium relationsh ip, which is based on air exchange rates within the structure, is dubbed the activity 

equ ilibrium fraction (Aeql and is d iscussed in greater detail in section 6.3. 

The cal cu la to r output is o rganized by radon pa rent. Each radon parent has its own output section. The first 

row for each radon pa rent section is a total of t he progeny and pa rent fractional cont ribut ion. Radon-219 is 

fi rst, fo llowed by radon-220 and Rn-222. 
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where: 

n = number of short-lived progeny in the decay series: 

RVISL = RVISL for isotope in decay chain: 

A = activity equilibrium factor for isotope. 
eq 

The RVISL calculator gives the user the opt ion to select either a working level-, risk-, or a dose-based 

ca lcu lat ion. These outputs are given in pCi, unless the user selects Bq. 

The RVISL calculator has an option to include the results in working levels (WLs) for comparison to the 

UMTRCA standards, in addition to results based on volume (pCi/m3 or pCi/L). The calcu lator gives the 

contribution of each short-lived isotope (parent and progeny) to the tota l RVISL. When Wl s are included in 

the output, on ly the parent activity is converted to a WL, and the tota l RVISL value derived for the whole chain 

is not used for the WL conversion, despite the WL va lue being displayed in the top row for the chain. For more 

information on the short-lived progeny included in each RVISL ca lcu lat ion and WL conversions, see section 

2.4. 

2.3 Slope Factors (SFs) and Dose Conversion Factors (DCFs) 

EPA classifies all rad ionuclides as Group A ca rcinogens ("ca rcinogen ic to humans"). Group A classification is 

used only when there is sufficient evidence from epidemiologic studies to support a causa l association 

between exposure to the agents and cancer. The following sect ions discuss the sources of inhalation and 

externa l exposure via submersion in gas cloud SFs and DCFs used in this calcu lator. 

2.3.1 Inhalation 

The Radon Cancer Risk Coefficients and Age-Specific Effect ive Dose Coefficients report from Oak 

Ridge National Laboratory lists inhalat ion cancer slope factors (SFs) (risk coefficients for total cancer 

morbidity) and dose coefficients (DCFs) for radionuclides in conventional units of picocuries (pCi). 

Inhalation SFs and DCFs are central estimates in a linear model of the age-averaged, lifet ime 

attributable rad iation cancer incidence (fatal and nonfata l cancer) risk or dose per unit of activity 

inhaled, expressed as risk/ pCi or mrem/ pCi, respect ively. 



The inhalat ion SFs and DCFs from the Radon Cancer Risk Coefficients and Age-Specific Effective Dose 

Coefficients report differ from the inhalat ion values presented in Health Effects Assessment Summary 

Tables (HEAST). The inhalation SFs and DCFs used in this ca lcu lator were ca lcu lated using ORN L's 

DCAL software in the manner of Federal Gu idance Reports (FGR) 12 and 13. The va lues are for 

inha lation of individual radionuclides without accompanying progeny but include the contribution 

to risk or dose from ingrowth of rad ioactive progeny in the body following intake of a parent 

radionuclide. This approach allows the user to derive cancer risk and effective dose estimates for any 

known or hypothetical combinat ion of Rn-222 or Rn-220 and its short-lived progeny in air. Rn-219 is 

not included in the update due to the large uncerta inty in the distribution of decays of Rn-219 and its 

progeny in the body. This is essent ial for the fractiona l activity equilibrium factors derived in this 

ca lcu la tor based on air exchange rates (see sections 6.2 and 6.3.). Using SFs and DCFs calculated with 

the methods from HEAST and with the fract ional activity equ ilibrium models in this calculator wou ld 

result in overestimation of risk and dose. 

An alternative approach for assessing cancer risk associated with radon in homes is to use models 

that express radiogenic lung cancer risk as a funct ion of past exposure, such as those recommended 

in the Nationa l Research Council's report of the sixth Biologica l Effects of Ion izing Rad iat ion (BEIR VI) 

(1999) and the World Health Organizat ion (WHO) Handbook (2009). The BEIRVI models and those 

described in the WHO Handbook do not requ ire dose calcu lations and were derived by data analysis 

of epidemiological stud ies of lung cancer associated with exposure to radon. No recommendation is 

made here as to which approach is to be preferred for other purposes. The SFs derived in the ORN L 

report are used here to allow for more direct comparisons with the associated DCFs. 

The ORNL Radon report does not include inhalation risk or dose coefficients for Rn-219, because the 

short half-life creates a large uncertainty in the distribution of decays in the body. That large 

uncerta inty is one reason why the Internat iona l Commission on Rad iologica l Protection (ICRP) 

generally does not provide inhalation or ingestion dose coefficients for such short-lived 

radionuclides. 

EPA cu rrent ly provides guidance on inhalation risk assessment in RAGS Part F (Risk Assessment 

Guidance for Superfund Volume I: Human Hea lth Evaluation Manual, Part F, Supplemental Gu idance 

for Inhalat ion Risk Assessment); however, this gu idance only addresses chemicals. The development 

of inhalation slope factors for radionuclides differs from the gu idance presented in RAGS Part F for 

development of inha lation unit risk (I UR) va lues for chemicals. 

2.3.2 Sub1nersion 

The externa l exposure SFs and DCFs used in this ca lcu lator are taken from Calcu lation of Slope 

Factors and Dose Coefficients (ORNL 2014). The external SFs and DFCs were ca lcu lated using ORNL's 

DCAL software in the manner of Federal Gu idance Report 12 and 13 and differ from the values 

presented in HEAST. External exposure SFs and DCFs are central estimates of lifet ime attributable 

radiat ion cancer incidence risk for each year of exposure to externa l rad iation from photon-emitting 

radionuclides distributed uniformly in a gas cloud and are expressed as risk/yr per pCi/m3 air or 

mrem/year per pCijm3 air. When combined with site-specific media concentration data and 

appropriate exposure assumptions, SFs can be used to estimate lifetime cancer risks, and DCFs can 

be used to estimate annual dose to members of the general population due to rad ionuclide 



exposures. 

2.4 Working Levels (WLs) 

The term Working Level (WL) refers to the activity of the progeny present in air from a specific radon parent 

(i.e., radon, thoron, or act inon). Specifically, Wls do not include the contribution from the parent. According 

to the EPA's code of federal regulations 40 CFR 192.11, "a working level (WL) means any combination of short

lived radon decay products in one liter of air that wil l result in the ultimate emission of alpha particles with a 

tota l energy of 130 bil lion electron volts." In the case of Rn-222, this means the progeny prior to Pb-210; for 

Rn-220 and Rn-219, all progeny are included. U.S. EPA 1989 (RAGS Part A), the Centers for Disease Control and 

Prevention (CDC) Dose Conversion Factors for Radon WLM (CDC 2018), the Nationa l Council on Rad iat ion 

Protection and Measurements (NCRP) Report No.97, and The Department of Energy (DOE-STD-1121-2008) 

agree with the defin ition and/or offer equ iva lent va lues in units of pCi/L. At 100% equilibrium, one WL is equal 

to lO0pCi/L of Rn-222, 7.5 pCi/ L of Rn-220, and 162 pCi/L of Rn-219. While this is a sign ificant difference in the 

gas concentrations, by defin ition of the working level, the decay products will ult imately emit the same 

amount of alpha energy. This, however, does not lead to the same lung dose. This is caused largely by the 

difference in the half-lives of the decay products. Since Rn-220 products have longer half-lives, the body has 

longer to t ransport the activity from one compartment to another and thus deliver dose to different areas of 

the lung. Since the working level is an air concentration, it is analogous to an exposure rate. To describe 

exposure, the unit working level month (WLM) is also used. A WLM is the exposure equiva lent to breathing one 

WL for 170 hours (one working month). The NRC in CFR 20.1003 and CDC in Dose Conversion Factors for 

Radon WLM ident ify the individual progeny that are included as "short- lived " daughters. Some of the 

extremely short- lived daughters are explicitly excluded in WL calculations because they would represent a 

very small number of atoms inhaled and add computational t ime without significant precision ga ins. For this 

ca lcu lator, all short-lived progeny are considered for completeness because of modern computing advances. 

See details in sections 6.2 and 6.3 of th is user's guide to see how the inhalation fractional equilibrium (F eq) 

and activity equilibrium factor (Aeq) values were ca lculated for short-lived progeny. 

"Properties and behaviour of radon and thoron and their decay products in the air" (J. Porstendorfer, Journa l 

of Aerosol Science, Vol 25:2, March 1994, pg 219-263) further supports the WL definit ion and conversion to 

pCi/L and offers insight on the considerat ion of radon daughter aerosol formation and deposit ion on 

surfaces. "Measurement of Equilibrium Factor 'F eq, between Radon and its Progeny and Thoron and its 

Progeny in the Indoor Atmosphere Using Nuclear Track Detectors" (R. Ramola, Indoor and Bu ilt Environment, 

Vol12:351-355, 2003) discusses the air exchange rate impact on radon progeny plating on surfaces and on the 

measured equ ilibrium in air. These papers present many of the difficu lt ies in predicting and measuring F eq 

values due to seasonal atmospheric changes, building construct ion, surface plating, aerosol sizes, regional 

geology, air flow, etc. The Feq is important to establish for determining compliance with WL ARARs, such as 

the U MTRCA standards described in section 2.7 of this user's gu ide. Previous EPA gu idance on complying with 

the U MTRCA standard as an ARAR at CERCLA sites assumed a F eq of 0.4 (40%) for Rn-222 and 0.02 (2%) for Rn-

220. These F eq va lues, wh ich when applied to the 0.02 WL ARAR equate to 5 pCi/L of Rn-222 or 7.5 pCi/L of Rn-

220, were to be used to demonstrate compliance with the UMTRCA standard. Rn-219 does not have an 

UMTRCA standard. EPA's new guidance for ARAR compliance is to use this ca lcu lator with either default or 

site/building-specific air exchange rates to determine radon/ thoron levels that comply with the 0.02 WL ARAR. 

For more information on evaluation of radon working levels, see quest ion 17 in the Rad iation Risk 



Assessment At CERCLA Sites: O&A and question 7 in the Frequent Questions page on this site. Note that the 

RVISL calcu lator provides updated gu idance developing screen ing levels (SLs) or preliminary remediation 

goals (PRGs) for showing compliance with the UMTRCA indoor radon standards for radon-222 and radon-220. 

The RVISL, therefore, supersedes the approach for determining WL in question 17 of the gu idance document 

"Rad iat ion Risk Assessment At CERCLA Sites: Q &A" issued on May 2014. 

The following equation demonstrates the conversion of the default Rn-222 RVISL in pCi/L to a WL wh ile 

correcting for the Feq differences between the conversion and ca lcu lated va lues. The F eq in the conversion 

assumes 1000/o equ ilibrium (Feq=l), and the F eq for the RVISL is calcu lated based on the air exchange rate 

used. 

WL ( 5 ) Ci ( -3 ·) (Feq (0.89) x 1 WL l 
RVISL 2.42 x 10- WL = RVISLP 

2
·
72 

x 
10 

pCI x ( 100 pCi) 
Rn-222 Rn-222 L L 

2.5 Radon-specific Parameters 

Several radon-specific parameters are needed for development of the RVISLs. 

1. Half-life, lambda ().), atomic number, and atomic weight are taken from ICRP 107. 

- - r!l:ffllRf- •. - .. 1: l't,· - .. .. .. .. ,._ 
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Rn-219 l.26E-07 5.52E+06 86 219.009 

Rn-220 l.76E-06 3.93E+05 86 220.0ll 

Rn-222 l.05E-02 6.62E+0l 86 222.018 

2. Vapor Pressu re (VP) (mmHgat 25°() is taken from Table ll - Vapor Pressu re - Inorgan ic Compounds of 

the on line version of Yaws' Critica l Property Data for Chemical Engineers and Chemists, 2014. The value 

stated in the source is 12,620 mmHg at 25°C. The va lue is taken from a QlQtof the Antoine Equation 

logP=A-(B/(T +C). 

3. Density (p) (g Rn/cm3 at 0°C) is taken from CRC Handbook of Chemistry and Physics 67th Edit ion, pg. B-

122. The value stated in the source is 9.73 g/L (no temperature is given but thought to be based on 

0°C). Density (g/cm3) can be used to ca lcu late water solubility at a temperature other than 0°C but 

must be converted to the requ ired units as follows: 

4. Water Solubil ity (S) (mg/L at 25°() is taken from CRC Handbook of Chemistry and Physics 67th Edition, 

pg. B-122. The va lue stated in the source is 22.4 cm3Rn/100 cm3 H20 at 0°C. This assumes that radon 

acts as an ideal gas. Converting to the requ ired units is as follows, assuming lcm3 = 1 ml : 



(
2220 mg Rn gas/ ) = ((22.4 cm3 Rn/ )x(1000 rnL H,O / )•(1 Lgas/ )x(I mol/ ]• (222.01 8 g Rn / J,(1000 mg H,0 /1) 

/L H,O / 100 cm3 H,O / 1 L H,O / 1000 ml gas /22 .4 L gas / mol / g J 

5. Henry's Law Constant (HLC) (atm-m3/mole at 25°() is taken from Atmos. Chem. Phys. 15 2015. pg. 

4418. The va lue of 9.3E-05 mol/m3Pa at 25°C is selected as the largest of six values presented. 

Converting to the required units is as follows: 

6. Unitless Henry's Law Constant (H") (unitless at 25°(). The va lue is derived from 0.106 atm-m3 /mol / 

0.02446 = 4.34. The conversion factor, 0.02446, is ca lculated by multiplying the universa l gas constant, 

8.2057E-05 atm-m3/mol K, by the temperature 298.16 K. 

7. Critica l Temperature (Tc) (K) is taken from CRC Handbook of Chemistry and Physics online version. The 

va lue reported is 104°C, which is 377.15 K. 

8. Boiling Point (Tb) (K) is taken from CRC Handbook of Chemistry and Physics online version. The value 

reported is -67.7°C, which is 205.45 K. 

9. Lower Explosive Limit (LEL) (% by volume) . Radon is an inert gas and the LEL is not of concern as it 

wou Id be for chemica Is. 

10. Enthalpy of vaporizat ion at the normal boiling point (cal/mol) is taken from Yaw's Thermophysical 

Propert ies of Chemicals and Hydrocarbons Table 63. Entha lpy of Vaporization at Boiling Point

Inorganic Compounds (Electronic Edit ion). The reported value is 18.098 kJ/ mol. Converting to the 

required units is as follows: 

2.6 Predicting Indoor Air Concentrations from Measured Media 
Concentrations 

2.6.1 Predicting Indoor Air WLs fro111 Measured Media 
Concentrations 

The working level va lues presented on this website are rad ionuclide-specific values for Radon 

contaminants in air that may warrant further invest igat ion or site cleanup. The UMTRCA standard is 

the most widely used ARAR and is based on working levels. The RVISL ca lculator provides an opt ion 

to select a working level output by selecting "yes" next to the option and choosing the type of media 

concentrat ion. Selecting the working level output requi res the ca lcu lator to be run in "Site Specific" 

mode. The user will be required to enter a media concentration and select the air exchanges per 

hour (ACH). Using the equations presented in section 5.1.1, a working level is ca lculated in the output 

given the media concentrat ion and Feq associated with the selected ACH. The working level will be 

highlighted in red if the ta rget working level (TWL), selected on the first page of the calculator, is 

exceeded. 



2.6.2 Predicting Indoor Air Risk fro111 Measured Media 
Concentrations 

The RVISL ca lculator provides an option to select risk output by selecting "yes" next to the option. 

Select ing risk output requires the calcu lator to be run in "Site Specific" mode. The risk values 

presented on this site are radionuclide-specific values for Radon contaminants in air that may 

warrant further investigation or site cleanup. 

2.6.2.1 General Considerations for the Risk Output 

Th is portion of the risk assessment process is generally referred to as "Risk Characterizat ion". 

Th is step incorporates the outcomes of the exposure and toxicity assessments to cal cu late 

the risk resu lt ing from potent ial exposure to radionuclides via the pathways and routes of 

exposure determined appropriate for the source area. Risk is ca lcu lated in this tool using the 

following equation. 

The basic equation for calcu lating excess lifetime cancer risk is: 

Risk =CDI x SF x Aeq 

where: 

Risk = a unit less probability of an individual developing cancer over a lifetime; 

CDI = chronic daily intake or dose [pCi or pCi-year/m3) 

SF= slope factor, expressed in risk/pCi or risk/year per pCi/m3 

Aeq = Activity Equilibrium Factor of individual isotope (See Sect ion 6.3) 

The risk results are color coded to ident ify risk ranges and potential radionuclides of 

concern. The colors and the associated risk ranges are presented in the table below. 

Risk Range* Risk< lE-06 Risk> lE-06 Risk> lE-04 

Color Code No shading Yellow 

• l E-06 = 0.000001 = 1 x 10-6 = 10-6 = one in a million 

2.6.2.2 One-Hit Rule 

The linear risk equation, listed above, is valid only at low risk levels (below estimated risks of 0.01). 

For sites where radiologica l exposure might be high (estimated risks above 0.01), an alternate 

ca lcu lation shou ld be used. The one-hit equation, which is consistent with the linear low-dose 

model, shou ld be used instead (RAGS part A ch. 8). The resu lts presented on the preliminary 



remediat ion goal (PRG) calculator use this rule. In the following instances, the one-hit rule is used 

independently in the risk output tables: 

• Risk from a single exposure route for a single radionuclide. 

• Summation of single radionuclide risk (without one-hit rule applied to single radionuclide 

resu lts) for mult iple exposure routes (right of each row). 

• Summation of risk (without one-hit rule applied to single radionuclide resu lts) from a single 

exposure route for multiple radionuclides (bottom of each column). 

• Summation of tota l risk (without one-hit rule applied to single radionuclide results or 

summations listed above) from mult iple rad ionuclides across mult iple exposure routes 

(bottom right hand cell). 

2.6.3 Predicting Indoor Air Dose fro1n Measured Media 
Concentrations 

This portion of the risk assessment process is generally referred to as "Dose Characterization". This 

step incorporates the outcomes of the exposure and toxicity assessments to ca lcu late the dose 

resulting from potential exposure to radionuclides via the pathways and routes of exposure 

determined appropriate for the source area. Dose is ca lcu lated in this tool using the following 

equation: 

Dose = CDI x DCF x ~q 

where: 

Dose = The energy absorbed from radiation by a person (mrem/year) 

CDI = Chron ic Daily Intake or Dose [pCi/year or pCi/ m3] 

DCF = Dose Conversion Factor [mrem/pCi or mrem/year per pCi/m3] 

Aeq = Activity Equilibrium Factor of individual isotope 

2.7 Comparison to State and UMTRCA Standards 

The cal cu la tor presents the opt ion to com pa re the indoor air concentration, entered by the user or derived 

from groundwater or soil gas activit ies, to state standards or Uranium Mill Tailings Rad iation Control Act 

(UMTRCA) standards that may be potential ARARs. The state standards are likely only for Rn-222. A preset 

value of 4 pCi/L of air is given, as it is the most common pCi/ L value used in state standards. For the UMTRCA 

comparison opt ion, a preset va lue of 0.02 working levels (WL) is given for Rn-222 and Rn-220. Alternative 

values can be entered for either of these standards on the fi rst page of the ca lcu lator. For more information 

on evaluation of radon working levels, see section 2.4. 

2.8 Problems Predicting the Activity of Radium, Thorium, and 
Actinium based on Radon, Thoron, and Actinon RVISLs 

Ra-226, Th-232, and Ac-227 are the namesakes and the long-lived near cha in member sources of Rn-222, Rn-



220, and Rn-219, respectively. In an ideal sett ing, the amount of solid source is directly related to the amount 

of gas product via the fractional decay of the parent. Ra-226 and Th-232 have a straight decay cha in to Rn-222 

and Rn-220, respectively. Ac-227 decay to Rn-219 is a branched decay cha in; 98.6% of Ac-227 decays to Rn-

219. Pred icting the amount of radon gas ava ilable for vapor intrusion in the natural environment, however, is 

not an ideal setting. Severa l factors make it impossible for this ca lcu lator to confident ly pred ict su itable 

default radon, thoron, and actinon ta rget indoor air concentrat ions from subsurface (soil and groundwater) 

rad ium, thorium, and actinium concentrations. The IAEA has published Technica l Report Series No. 474, 

Measurement and Calcu lation of Radon Releases from NORM Residues, that addresses many of these 

d ifficu I t ies. 

The newly formed radon atom must first escape from the ore material to the interst itial space between 

grains. This emanation happens when the recoil energy is sufficient for the radon atom to break from the ore 

grains. Once in the interstitial space, the radon must be able to be transported to the surface via diffusion and 

advective flow. Depending on the distance to the surface and media properties, the relatively short-lived 

radon may decay before exhalation to the atmosphere. Most recoiling atoms do not make it out of the ore 

material into the interstit ial space and, because of the very small diffusion coefficient th rough dense 

minerals, even fewer atoms are likely to be exha led to the atmosphere. 

Emanation 

Radon Within Mineral Grains 
• Radium atom before it decays 
O Newly formed radon atom 

Most of the radon produced within a 
mineral grain remains embedded in 
the grain. Only about lO to 50% 
escapes to enter the pore space. 
If the pore space is dry, the 
radon can remain there more easily. 
The radon atom may shoot across the 
pore and embed in another grain 
where it cannot move. 

© lnterNACHI 

Detailed modeling of the subsurface environment may be possible to estimate the amount of a solid source 

that resu lts in gaseous exhalation. One such model is the NORM And LegacY Site Assessment (NORMALYSA) 

software. This software is able to simulate transport from a source medium through clean cover layers to the 

surface. The User's Ma nu al deta ils how NORMALYSA employs emanation, diffusion, and exhalat ion to predict 

radon air concentrat ions. Chapters 2 and 4 of TRS No. 474 present details on emanation coefficient 

determination that may be useful for site-specific analysis. 

3. Using the RVISL Table 



The tables in the RVISL Download Area provide generic concentrations in the absence of site-specific exposure 

assessments. Screen ing concentrations can be used for: 

• Prioritizing multiple sites within a facility or exposure units 

• Prioritizing risk-based detection limits for contaminants of potent ial concern (COPCs) 

• Focusing future risk assessment efforts 

• When appropriate for the site, considering as risk-based cleanup levels 

3.1 Developing a Conceptual Site Model 

When using RV IS Ls, the exposure pathways of concern and site conditions should match those taken into 

account by the screening levels. (Note, however, that future uses may not match current uses. Future uses of 

a site shou Id logica lly be condit ions that might occur at the site in the futu re.) Thus, it is necessary to develop 

a conceptual site model (CSM) to ident ify likely contaminant source areas, exposure pathways, and potent ial 

receptors. Th is information can be used to determine the applicability of screen ing levels at the site and the 

need for add itional information. The final CSM diagram represents linkages among contaminant sources, 

release mechanisms, exposure pathways, and routes and receptors based on historical information. It 

summarizes the understanding of the contamination problem Part 2 and Attachment A of the Soil Screen ing 

Guidance for Radionuclides: Users Guide (U.S. EPA 2000) contains the steps for developing a CSM. 

A conceptual site model for the land uses presented in this ca lcu lator is presented below. 
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As a fina l check, the CSM should answer the following questions: 

• Is there potent ial for land use other than those listed in the RVISL calcu lator (i.e., indoor resident and 

indoor worker)? 

• Are there other Ii kely human exposure pathways that were not considered in development of the 

RVISLs? 

• Are there unusual site cond itions (e.g., cracks in the foundat ion, large areas of contamination, high 

fugit ive dust levels, increased potential for other sources of indoor radon contamination)? 

The RVISLs may need to be adjusted to reflect the answers to these questions. 

3.2 Background Radiation 

Natural background radiation should be considered prior to applying RVISLs as cleanup levels. Background 

and site-related levels of radiation will be addressed as they are for other contaminants at CERCLA sites. The 

levels of each const ituent of potent ia I concern at a site typically a re com pared with background levels of 

those constituents to determine whether site activit ies have resu lted in elevated levels. For example, 

background levels for radium-226 and radon-222 would generally not be relevant at a site if these 

rad ionuclides were not site-related contaminants. Remedial site risk-based cleanup levels for individual 

rad ionuclides generally are not set below site-specific background levels. When background levels exceed 

the remedial risk range, background levels may be selected as the cleanup levels. For further information on 

how to address background, see EPA's guidance "Role of Background in the CERCLA Cleanup Program", April 

2002 (U.S. EPA, 2002a). It shou ld be noted that certain ARARs specifically address how to factor background 

into cleanup levels. For example, some radiation ARAR levels are established as increments above 

background concentrations. In these circumstances, background shou ld be addressed in the manner 

prescribed by the ARAR. The U MTRCA indoor radon standards under 40 CFR 192.12(b)(l ) are inclusive of 

background. 

3.2.1 Rn-222 

Uran ium, natura lly found in the earth, is called a primordial rad ionuclide and is one of the sources of 

terrestrial radiation. Uran ium decays into rad ium, which decays to radon-222. Radon-222 is commonly ca lled 

radon after its parent rad ium. Trace amounts of uranium and its decay products can be found everywhere. 

3.2.2 Rn-220 

Thorium, natu rally found in the earth, is ca lled a primordial rad ionuclide and is one of the sources of 

terrestrial radiation. Thorium decays to radon-220. Radon-220 is commonly ca lled thoron after its parent 

thorium. Trace amounts of thorium and its decay products can be found everywhere. 

Uran ium, natura lly found in the earth, is called a primordial rad ionuclide and is one of the sources of 

terrestrial radiation. A small fraction of uranium (0.72%) is isotope U-235. U-235 decays into actinium, which 

decays into radon-219. Radon-219 is commonly ca lled actinon after its parent act inium. Trace amounts of 

uran ium and its decay products can be found everywhere. 

According to the ATS DR Radon T oxicologica I Profile. radon-219 usually is not considered in the evaluation of 



radon-induced health effects because it and its parent (U-235) are not abundant in the environment, and it 

has an extremely short half-life (4 seconds). Sign ificant radon-219 risk or dose contribution wou ld only be 

expected in unique circumstances. 

3.3 Potential Problems and Limitations 

As with any risk- or dose-based tool, the potential exists for misapplication. In most cases, this results from 

not understanding the intended use of the RVISLs. In order to prevent misuse of the RVISLs, the following 

shou ld be avoided: 

• Applying RVISL levels to a site without adequately developing a conceptual site model that identifies 

relevant exposure pathways and exposure scenarios. 

• Use of RVISL levels as cleanup levels without verifying numbers with a hea lth physicist/risk assessor. 

• Use of outdated RVISL levels tables that have been superseded by more recent publications. 

• Not considering the effects from the presence of multiple isotopes. 

• Not considering the individual model limitations as described in section 2.1. 

3.4 When Radon Measurement is Preferred 

EPA wou Id recommend, where possible, Regions use measu rem en ts of radon indoors rather than rely on the 

transport portions of the RVISL. In particu lar, test ing of groundwater or soil gas is not required to demonstrate 

complia nee with RVISL WL, risk, or dose ta rgets. 

4. Radon Vapor Intrusion Screening Level Equations 
This section presents the screening level equations for human exposure to contaminated air. The equations and technica l 

discussion are aimed at developing compliance levels for risk-based and dose-based RVISLs. The following text presents the 

land use equations and their exposure routes. Table 1 (section 7 of the User's Guide) presents the definitions of the va riables 

and their defau It va lues. The default va lues a re selected to represent the reasonably maximum exposed (RME) individual and 

generally represent the upper bounds of exposure. The default va lues and exposure models are consistent with the Chemical 

Vapor Intrusion Screening Level (VISL) calculator if the same pathways are addressed (e.g., inhalation) and are analogous if 

pathways are similar (e.g., external exposure). This ca lcu lator and the VISL both follow the recommendations in the OSWER 

Directive concern ing use of exposure parameters from the 2011 Exposure Factors Handbook. Any alternative values or 

assumptions used in remedy evaluation or selection on a CERCLA site shou ld be presented with supporting rationale in 

Administrative Records. 

4.1 Air Screening Level Equations 
The user can select working level-based, risk-based or dose-based screening level type and either a resident or 

worker exposure scenario. The conversions to Wls based on the risk-based and dose-based RVISLs is also presented 

in the following sect ions. 

4.1.1 Resident Air 

Th is receptor spends all of the day at home. The resident is assumed to be exposed to contaminants via the 



following pathways: inhalat ion of ambient air and externa l radiation from contaminants in ambient air. To 

take into account the d ifferent inhalat ion rates for children and adu lts, age-adjusted intake equat ions were 

developed to account for changes in intake as the receptor ages. 

Graphical Representation 

RESIDENT 

Working Level-Based Vapor Intrusion Screening Level Equation 

This is the risk-based equat ion for determining the protect ive resident air concentrat ion. 

Inha lation 
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Radon - 220 
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Radon - 219 

TWL 
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Risk-Based Vapor Intrusion Screening Level Equations 

These are the risk-based equations for determining the protective resident air concent rations. 

Inha lation 
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and: 
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where: 

n = the number of progeny in the decay series 

Inha lation Working Level Conversions 
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Radon - 220 
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Radon - 219 
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Dose-Based Vapor Intrusion Screening Level Equations 

These are the dose-based equat ions for determining the protective resident air concentrations. 

Inha lation 



(
Ci/) TDL(~) 

Cres--ia~nh-dose P /m3 = (mrem) 6,195m3 
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V'here: 
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where: 

C (p/4 )= 1 
Inh 3 n 1 m I: 
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A 
eq 

and: 

C (p% )= 1 
sub 3 n 1 m I: 

i=1 C (P%) res-ia-sub-dose m 3 

A 
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where: 

n = the number of progeny in the decay series 

Inha lation Working Level Conversions 

Radon - 222 



Radon - 220 

Cres-ia-i nh-wl (WL) = Cres-ia-inh-dose (p~i) x ni ;;~L] 

Radon - 219 

- pCi eq . 

[
F x 1 WL] 

c ,es-ia-inh-wl (WL) - c,es-ia-inh-dose ( L) x ( 162Lpa) 

4.1.2 Worker Air 

Th is long-term receptor is a fu II t i me employee working on-site who spends 8 hours of t he workday indoors. 

The indoor worker is assumed to be exposed to contaminants via the following pathways: inhalation of 

ambient air and external radiation from contaminants in ambient air. 

Graphical Representation 
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Working Level-Based Vapor Intrusion Screening Level Equation 

This is the risk-based equat ion for determining the protect ive indust rial air concent ration. 

Inha lation 
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Risk-Based Vapor Intrusion Screening Level Equations 

These are the risk-based equations for determin ing the protective industrial air concent rations. 

Inha lation 

Cw-ia~nh-risk (p%3) = TR 3 
SF. (risk/ . ) x EF ( 250 days) x ED (25 ars) x ET ( 8 hours) x (~) x IRA so m 
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Submersion 
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where: 
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where: 

n = the number of progeny in the decay series 

Inha lation Working Level Conversions 
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Dose-Based Vapor Intrusion Screening Level Equations 

These are the dose-based equat ions for determining the protective industrial air concent rat ions. 

Inha lation 
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where 

n = the number of progeny in the decay series 
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Radon - 219 

4.2 Groundwater Screening Level Equation 

Th is equation is used to determine the groundwater concentration protective of exposure to indoor air. The 

equation uses a groundwater attenuat ion factor and H'. For a groundwater source, a chemica l is considered 

sufficient ly volatile and toxic to pose an inhalation risk through vapor int rusion if the vapor concentration 

(ca lcu lated using the chemica l's Henry's Law Constant at the groundwater temperature) corresponding to 

the chemical's solubil ity limit in water is greater than the target indoor air concentration. The groundwater 

attenuation factor is not considered in th is comparison, a I though it is considered in the subsequent 

ca lcu lat ion of the target groundwater concentration. The ta rget groundwater concentration corresponding 

to a chemica l's target indoor air concentration is ca lcu lated by divid ing the target indoor air concentration by 

an attenuation factor of 0.001 and then converting the vapor concentrat ion to an equiva lent groundwater 

concentration, assuming equilibrium between the aqueous and vapor phases at the water table. The 

equi librium partitioning is assumed to obey Henry's Law. 

The groundwater attenuation factor and the soil gas attenuation factors are never combined in this 

ca lcu lator. 

c i,a ,target (pCi/m3J 
C Targ et(pCi/1 = ______ /_m __ 

gw' I L) ( ) 
AFgw x 1000 7m3 x H' 

4.3 Soil Gas Screening Level Equation 

This equation is used to determine the soil gas concentration protective of exposure to indoor air. The soil 

gas attenuat ion factor used in the ca lcu lations is 0.03, which is the generic attenuation factor used for sub

slab gas in the 2002 draft vapor int rusion gu idance. This attenuation factor is used for all soil gas data, as 

additional information collected after development of the 2002 draft vapor intrusion guidance (U.S. EPA 

2002b) suggests that external soil gas samples need to be evaluated as conservat ively as sub-slab gas 

samples (U.S. EPA 2010). 

The groundwater attenuation factor and the soil gas attenuation factors are never combined in this 

ca lcu lator. 

c. ,T arget(P% 3J 
C Targ et (pCi/ J = i,a m 

sg' / m3 AF 
ss 

4.4 Vapor Intrusion Screening Level Supporting Equations 



Chemicals must be sufficient ly volatile and toxic to pose inhalation risk via vapor intrusion from soil and 

groundwater sources. This is determined by calculat ing the chemical's pure phase vapor concentration and 

the groundwater vapor concentration. The soi I gas vapor concentration and the groundwater vapor 

concentration must be greater than the air screen ing level to determine a VISL. No equations are neccessary 

for radon as they wou Id be for other chemica Is. 

• Pure Phase Vapor Pressure 

Radon and Thoran a re considered sufficiently volat ile and toxic to pose inhalation and external 

exposure risk via vapor intrusion from a soi I source. 

• Groundwater Vapor Concentration 

Radon and Thoran a re considered sufficiently volat ile and toxic to pose inhalation and external 

exposure risk via vapor intrusion from a groundwater source. 

5. Predicting WL, ELCR, and Annual Dose from Indoor 
Air Concentration 
This section presents the equations used to calculate the indoor air concentration, cancer risk, and dose from the user

provided soil gas and/or groundwater concentrat ion. The equations and technica l discussion are aimed at developing 

compliance levels for risk-based and dose-based RVISLs. The following text presents the land use equat ions and their 

exposure routes. Table 1 (section 7 of the User's Gu ide) presents the defin it ions of the va riables and their default values. The 

default va lues are selected to represent the reasonably maximum exposed (RME) individual and generally represent the upper 

bounds of exposure. The default va lues and exposure models are consistent with the Chemical Vapor Intrusion Screening 

Level (VISL) calcu lator if the same pathways are addressed (e.g., inha lation) and are ana logous if pathways are similar (e.g., 

externa l exposure). Th is ca lculator and the VISL both follow the recommendations in the OSWER Directive concern ing use of 

exposure parameters from the 2011 Exposure Factors Handbook. Any alternative values or assumptions used in remedy 

evaluation or select ion on a CERCLA site shou ld be presented with supporting rat ionale in Administrative Records. 

5.1 WL, ELCR, and Annual Dose from Indoor Air Concentrations 

Th is sect ion presents the equat ions to calculate working levels from radon concentrations in air. Also 

presented, are the equations to ca lcu late excess lifetime cancer risk (ELCR) and annual dose based on 

chronic daily intakes (CDI) from radon and progeny concentrations in air. 

5.1.1 WL Calculation 

These are the equations for ca lculating Wls for each of the Rn-222, Rn-220, and Rn-219. 

Radon - 222 



Radon - 220 

WL = ci_a(pCi) X n+;;~L] 
Radon - 219 
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5.1.2 ELCR Calculation 

These are the equations for ca lcu lating ELCR and CDls. 

5.1.2.1 ELCR 

ELCRtot = ELCRinh + ELCRsub 

where : 
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and: 
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where : 

i== th e number of progeny in the decay se ries 

5.1.2.2 Resident Air CD Is 
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5.1.2.3 Worker Air CDls 
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W• 1• -s ub- rrsk / m3 ,.a / m3 w year 365 day w w day 24 hours a 

5.1.3 Annual Dose Calculation 

These are the equations fo r ca lcu lating annua l dose and COis. 

5.1.3.1 Annual Dose 

Dosetot (mrem) = Doseinh (mrem) + Dosesub (mrem) 
year year year 

where: 

Dose. (mrem)= ~ (col (pCi/ ) x DCF. ( mremJ x A ) 
mh yea r i=1 /year I pCi eq i 

and: 

Dose (mrem)= ~ [col (pc%· ) x DCF [mrem/year] 
sub year . 1 m3 sub C'/ 3 

F p Im 

where: 
i =the number of progeny in the decay series 

5.1.3.2 Resident Air CD Is 

Inha lation 

CDI (pCi/ ) =C (pCij) IFA (6,195 m3] 
res~a-inh-dose ~ /year i,a l / m3 x res-adj year 

Vlhere: 

[ [

EF (350 days) x ET (24 hours) x (~) x IRA [1 0 m
3

] x Allf (0.23)) + 

6 95 
3 res-c year res-c day 24hours res-c day res-c 

IFA . •1 m = 
res-adJ-dose year 3 

( ] (EF (350 days) x ET (24 hours) x (~) x IRA [20 m ] x A/lf (0.77)] l res-a year res-a day 24 hours res-a day res-a 

Vlhere: 

A/lf (0.23) = res-c and: A/lf (0.77) = ~ r=es-~a~--
(
E D (6 years)] (ED (20 years)] 

res-c ED res(26 years) res-a ED res(26 years) 

Submersion 

CD (pCi/ ) C (pCi/ ) F (350 days) ( 1 year ) (24 hours) ( 1 day ) GS ( O) 1res -ia-sub-dose / m3 = i.a / m3 x E res year x 365 days x E\es ~ x 24 hours x Fa 1 · 

5.1.3.3 Worker Air CDls 

Inha lation 

CDI (pCi/ ) _ C (pCi/ ) EF (250 days) ET (8 hours) ( 1 day ) IRA (60 m
3 J 

w-ia~nh-0osel /year - i,al /m3 x w year x w ~ x 24hours x w day 

Submersion 

CDI (pCij ) = C (pCij ) x EF (250 days) x ( 1 year ) x ET (8 hours) x ( 1 day ) x GSF (1 O) 
uu- ia-sub-dos e / m3 i,a / m3 uu year 365 days uu day 24 hours a · 



5.2 Indoor Air Concentration from Groundwater Concentration 
Equation 

Th is sect ion presents the equat ion used to calcu late the indoor air concentration from the user-provided 

groundwater concentration. 

5.3 Indoor Air Concentration from Soil Gas Concentration Equation 

Th is sect ion presents the equat ion used to calcu late the indoor air concentration from the user-provided soil 

gas concentration. 

C. (pCi/ ) = C (pCi/ ) x AF 
1,a / m3 s g / m3 ss 

6. Modifications of Standard Equation Inputs 
The following sect ions describe the process to change specific standard equation inputs. 

6.1 Modifications of Groundwater Temperatures 

Users a re given the option to the change groundwater-soil system tern peratu re from the defau It of 25°C to a 

site-specific va lue. Since the unitless Henry's Law Constant (H') is derived based on the partial pressure of a 

gas in equilibrium with a liquid and the equilibrium changes when temperature changes, H' is changed to 

reflect the equilibrium at the given temperature. The equation below illustrates how H' is derived when 

groundwater temperature is changed. An EPA Fact Sheet describing the process can be found at 

https://www.epa.gov/va pori ntrusion/fact-sheet-correctin g-henr:ys-law-consta nt-temperature. 

The following equations are used to ca lcu late Henry's Law Constant at va rious groundwater temperatures: 

• To Detern1ine Henry's Law Constant at a Groundwater 
Temperature other than 25 Degrees Celsius 

C (pCij ) = H' X C (pCi/ ) 
sv /cm3-v TS w /cm3-v 



exp -
H'= 

where: 

and: 

tiH ( cal J _ tiH ( ca lJ [1 - Tw (K)/f c (K)l 11 
v,w mol - v,b molx 1 - Tb(K)/Tc(K) 

where: 

IF 
[ TTbc l <0.57 , then: 'l = 03; 

IF 
[ TTbc l >0.71 , th en: 'l = 0.41; 

IF 057 < [ ~: ] > 071 , tl, eo ~ = ( 07 4 , ( ~: ] - 01 16 l 
• To Determine Henry's Law Constant at a Groundwater 

Temperature of 25 Degrees Celsius 

H LC (atm-m3 I ) x (1000 L/ 3 ) 
H'25 = /mo~K / m 

R (8.205E-05 L-at%oi-K) x T (298. 15 K) 

6.2 Air Exchange Rates and Inhalation Fractional Equilibrium 
Factor (F eq) 

The indoor air concentration of radon and progeny is dependent upon the air exchange rate within a given 

volume. The air exchange rate, otherwise known as air changes per hour (ACH), is defined as the ratio of 

airflow to the total volume of air. As an example, an ACH va lue of 0.18 would mean that eighteen percent of a 

given volume of air is exchanged per hour. The air exchange rate is related to an important parameter known 

as the inha lation fractional equilibrium factor (Feq) for estimating the level of detriment from radon 

inhalation. Feq has been researched for radon and thoron in va rious dwellings for many years (Chen & Harley, 

2018 Parts l and ll). The F eq is a unit less measurement of the disequi librium associated with the decay of 

radon and its subsequent progeny. The Feq is useful for calcu lating the interna l dose from radon, since most 

of the dose received is not from the radon pa rent itself but rather the alpha energies emitted from its 

progeny. The total progeny alpha energy emitted at any air exchange rate is divided by the total progeny 

alpha energy emitted at a state of equi librium where no air exchanges are taking place within a given volume 



of air. At equ ilibrium, the value of the F eq is equal to one; however, a F eq of one is seldom measured due to 

condit ions described in Sect ion 2.1 and deposition on surfaces. As the air exchange rate in a given volume 

increases, the fractiona l equ ilibrium factor decreases. The F eq is only used in the working level (WL) 

conversions presented in Sect ions 2.4, 4.1.2, and 4.2.2. A more detailed explanat ion of the Feq derivation is 

presented in ORNL 2020. 

6.3 Air Exchange Rates and Activity Equilibrium Factor (~
4

) 

The activity equ ilibrium factor (Aeq) is defined as the ratio of progeny to parent activity concentrations at a 

given air exchange rate. For a straight decay chain, at zero air exchanges, the (Aeq) is equal to one and 

decreases as the air exchange rate increases. An Aeq of one, however, is seldom measured due to cond itions 

described in Section 2.1 and deposition on surfaces. The activity equ ilibrium factor is utilized in the RVISL air 

equations to ca lcu late risk and dose for inhalation and submersion. The init ial risks and doses (ana logous to 

PRGs) assume that the radon decay chain members are in equil ibrium with each other without any air 

exchanges present. Therefore, the activity equ ilibrium factors modify the in itial risks and doses for inhalation 

and submersion by accounting for the disequ ilibrium between radon and its progeny due to decay and air 

exchanges that are present. A defau lt va lue of 0.18 air exchanges per hour was selected for the resident land 

use, and a default va lue of 0.6 air exchanges per hour for the industrial worker land use was selected from the 

"Update for Chapter 19 of the Exposure Factors Handbook" (U.S. EPA, 2018) for resident (Table 19-25) and 

commercial (Table 19-30) buildings using the tenth percentile values. This means 90% of structures wou ld 

have a higher air exchange rate and thus a lower level of progeny, which wou ld resu lt in less risk, dose, and 

WL. Users that may want to determine the air exchange rate for a particu lar bu ilding to justify changing the 

default shou Id refer to sect ion 6.4 of the User Guide. A more detailed exp la nat ion of the Aeq derivation is 

presented in ORNL 2020. 

6.4 Measurement of Air Exchange Rates 

The ACH can be a bu ilding-specific measurement, to provide a more accurate air contaminat ion exposure 

assessment. The ACH is the exchange rate of indoor air with outdoor air, an important determinant for entry 

of outdoor air contaminants and for removal of indoor-emitted air contaminants. There is no EPA guidance 

on recommended methods for determin ingACH. Breen (2014) presents an overview and crit ical ana lysis of 

the scientific literature on empirica l and physical air exchange rate models for residential and commercial 

buildings, which are feasible for exposure assessments. Models are included for the three types of airflows 

that can occur across bu ilding envelopes: leakage, natural vent ilation, and mechanica l ventilat ion. The paper 

provides gu idance for selecting the preferable air exchange rate model based on available data, desired 

temporal resolution, types of airflows, and types of bu ildings included in the exposure assessment. The US 

EPA Indoor Air Quality website also provides information on HVAC use in buildings. There are also more 

detailed papers on particu lar air exchange measurement approaches (i.e., by placing tubes that emit and 

collect perfluorocarbon tracers throughout a bu ilding) (Breen 2014). Gu idance on placement of the tubes can 

be found in "Research Operating Procedure 10 for Placement of PFT Emitters and Collection Tubes in DEARS" 

(Thornburg, 2015). 

6.5 Modification of Attenuation Factors 

The defau It attenuation factors can be substituted for site-specific attenuat ion factors if underlying site 



condit ions are known. EPA 2012 presents site-specific attenuation factors for sub-slab soil gas, groundwater, 

and crawlspaces for chemica ls. The attenuation factors are summarized in the following table. The defaults 

used in the RVISL calculator a re highlighted. The defau Its a re based on the gsth percent ile and a re 

appropriate for adjust ing an RM E scenario. The 50th percentile va lues wou Id be more appropriate for a 

central tendency exposure scenario where a large amount of sampling data is available to reduce uncertainty 

in ca lcu lating the exposure concentrat ion or defining nature and extent of the source term. 

~iil."h::~ - ,~ru,::.i -. e 1 ■ ~:..~T~lf1"1ilC ... 

Residence Type Median (soth percentile) 95th Percentile 

All residences 3E-03 (0.003) 3E-02 (0.03)* 

Residences with basements 3E-03 (0.003) 3E-02 (0.03) 

Residences with slab-on-grade 3E-03 (0.003) l E-02 (0.01) 

- .. - - - -l_, I.I 111111 . - • - 1 ■ r.., I ■ Ill II.I .., I 

Scenario Median (soth percentile) 95th Percentile 

All soil types and water depths 7E-05 (0.00007) l E-03 (0.001)* 

Fine soil type 5E-05 (0.00005) 5E-04 (0.0005) 

Coarse soil type l E-04 (0.0001) l E-03 (0.001) 

Very coarse soil type 2E-04 (0.0002) 4E-03 (0.004) 

Depth to water< 1.5 m 6E-04 (0.0006) 7E-03 (0.007) 

Depth to water 1.5-3 m l E-04 (0.0001) 2E-03 (0.002) 

Depth to water 3-5 m 4E-05 (0.00004) 2E-03 (0.002) 

Depth to water> 5 m 5E-05 (0.00005) 6E-04 (0.0006) 

I - - Ill I .-.~.. -1• ■ .., ~. l~T~--,.,.,il[ ... , .. 

Scenario Median (soth percentile) 95th Percentile 



All residences 4E-03 (0.004) 3E-0l (0.3) 

- -l llr.Vill ~• - 1 ■1 ■ r.. 1111 11:;>:lall'I),. , .. _ -

Scenario Median (soth percentile) 95th Percentile 

All residences 4E-0l (0.4) 9E-0l (0.9) 

*These are the VISL and RVISL defaults. 

7. Recommended Default Exposure Parameters 
Table 1 presents the defin itions of the variables and their default va lues. The default values are selected to represent the 

reasonably maximum exposed (RME) individual and generally represent the upper bounds of exposure. The RVISL defau lt 

va lues and exposure models are consistent with the chemical VISL ca lcu lator. The VISL and RVISL calculator default va lues are 

consistent where the same pathways are addressed. This ca lcu lator follows the recommendations in the OSWER Directive 

concerning use of exposure parameters from the 2011 Exposure Factors Handbook. Any alternative va lues or assumptions 

used in remedy eva luation or selection on a CERCLA site shou ld be presented with supporting rationale in Administrative 

Records. 

Table 1. Recommended Default Exposure Parameters 

Radon Vapor Intrusion Levels 

S~mbol ~ Definition (units} v-:. Default v-:. Reference ,;:;;: 

Target Groundwater Screening Level 
Isotope-Specific 

Determined in th is 
Cgw,Target 

(pCi/L) calcu lator 

Cres-ia-i nh Resident Air Inhalation (WL) Isotope-specific 
Determined in th is 

calcu lator 

Cres-ia-inh-dose Resident Air Inhalation (pCijm3) Isotope-specific 
Determined in this 

calcu lator 

Cres-ia-inh-risk Resident Air Inhalation (pCijm3) Isotope-specific 
Determined in this 

calcu lator 

Resident Air Inhalation (pCi/L) 
Isotope-specific 

Determined in this 
(res-ia-inh-wl Conversion to Working Level (WL) calcu lator 



C res-i a-sub-dose Resident Air Submersion (pCi/m3) Isotope-specific 
Determined in t h is 

calcu lator 

Cres-ia-sub-risk Resident Air Submersion (pCijm3) Isotope-specific 
Determined in t his 

calcu lator 

c res-ia-tot-dose Resident Air Total (pCijm3) Isotope-specific 
Determined in t his 

calcu lator 

Cres-ia-tot-risk Resident Air Total (pCijm3) Isotope-specific 
Determined in t his 

calculator 

csg.Target Target Soil Gas Screening Level (pCijm3) Isotope-Specific 
Determined in t his 

calculator 

(w-ia-inh Worker Air Inha lation (WL) Isotope-specific 
Determined in t his 

calculator 

(w-ia-inh-dose Worker Air Inha lation (pCi/m3) Isotope-specific 
Determined in t his 

calculator 

Cw-ia-inh-risk Worker Air Inha lation (pCi/m3) Isotope-specific 
Determined in t his 

calculator 

Worker Air Inha lation (pCi/m3) 
Isotope-specific 

Determined in t his 
¼-ia-inh-wl 

Conversion Working Level (WL) calculator 

¼-i a-sub-dose Worker Air Submersion (pCi-yea r/m3) Isotope-specific 
Determined in t his 

calculator 

Cw-ia-sub-risk Worker Air Submersion (pCi-yea r/m3) Isotope-specific 
Determined in t his 

calculator 

Cw-ia-tot-dose Worker Air Total (pCi/m3) Isotope-specific 
Determined in t his 

calculator 

Cw-ia-tot-risk Worker Air Total (pCi/m3) Isotope-specific 
Determined in t his 

calculator 

Radon Chronic Daily Intakes 



S~mbol ~ -- Defi nition (units) 'v-" Defa u It 'v-" Reference "?-. 

CDlres-ia-sub-dose Resident Air Submersion (pCi/m3) Isotope-specific Determined in this calculator 

C Dlres-ia-sub-risk 
Resident Air Submersion (pCi-

Isotope-specific Determined in this calculator 
year/m3) 

CD1w-ia-inh-dose Worker Air Inhalation (pCi/year) Isotope-specific Determined in this calculator 

CD1w-ia-inh-risk Worker Air Inhalation (pCi) Isotope-specific Determined in this calculator 

CD1w-ia-sub-dose Worker Air Submersion (pCi/m3) Isotope-specific Determined in this calculator 

CD 1w-ia-sub-risk 
Worker Air Submersion (pCi-

Isotope-specific Determined in this calculator 
year/m3) 

CD I res-ia-in h-dose Resident Air Inha lation (pCi/year) Isotope-specific Determined in this calculator 

CDlres-ia-inh-risk Resident Air Inha lation (pCi) Isotope-specific Determined in this calculator 

WL 
Indoor Air Working Level 

Concentration 
Isotope-specific Determined in this calculator 

Toxicity Values 

S~mbol '! Definition (units) s:;:,,,-,, Defau lt ,;;;; Reference 'vA. 

SFi 
Slope Factor - inhalation 

Isotope-specific ORNL 2014 and ORNL 2017 
(risk/pCi) 

DCFi 
Dose Conversion Factor -

inhalation (mrem/pCi) 
Isotope-specific ORNL 2014 and ORNL 2017 

Dose Conversion Factor -

submersion (mrem/year per 

DCFsub pCi/cm3)_ For use in this tool, Isotope-specific ORNL 2014 

ORNL 2014 units were converted 

to risk/year per pCijm3. 

Slope Factor - submersion 
3 



- -
(risk/year per pCi/ cm ). For use in 

SFsub Isotope-specific ORNL2014 
this tool, ORNL 2014 units were 

converted to risk/year per pCi/m3. 

Miscellaneous Variables 

S~mbol ~ Defin ition (un its) 2· Defau lt • .. _,.,_ Reference ,·-

AFW"I 
Attenuat ion Factor Groundwater 

(unit less) 
0.001 U.S. EPA2014b 

AFSS 
Attenuat ion Factor Sub-Slab 

(unit less) 
0.03 U.S. EPA2014b 

CDI Chronic Daily Intake Isotope-Specific Determined in this calcu lator 

CFwL 
Working Level Conversion Fraction 

(L/ pCi) 
Isotope-Specific Based on ACH selection. 

cgN Groundwater Concentration (pCi/L) Isotope-Specific 
Determined in this calcu lator or 

Entered by user 

(. ,Target Target Indoor Air Concentration 
Isotope-Specific 

Determined in this calcu lator or 
1,a (pCi/m3) Entered by user 

csg Soil Gas Concentration (pCi/m3) Isotope-Specific 
Determined in this calculator or 

Entered by user 

cvp Pure Phase Vapor Concentration Isotope-Specific Determined in this calculator 

ELCR Excess Lifetime Cancer Risk Isotope-Specific Determined in this calculator 

Feq Radon Equilibrium Factor Isotope-Specific ORNL2020 

GSFa 
Gamma Shielding Factor - Air 

1 
Developed for Radon VISL 

(unit less) Calculator 

Dimensionless Henry's Law Constant 

H'T gN for Groundwater Temperatures other Isotope-Specific See Radon-specific Parameters 

than 25°Celsius 



Radon is an inert 

gas and the LEL is 

LEL Lower Explosive Limit (% by volume) not of concern as See Radon-specific Parameters 

it wou Id be for 

chemicals. 

MW Molecu lar Weight (g/mole) Isotope-Specific See Radon-specific Parameters 

n = 0.3 U.S. EPA Fact Sheet: 
If (T boil/Tcrit < 0.57) 

n = 0.41 Unit less exponent va lues used to 
n If (T boil/Tcrit > 0.71) 

n = (0.74 x 
If (0.57 < T boiTcrit ~ 0. 71) 

T boil/T crit - 0.116) detemine Hv,gw 

R 
Universal Gas Constant (L-atm/mole-

0.082057 U.S. EPA Fact Sheet 
degrees K) 

RC 
Universal Gas Constant (cal/mole-

1.9872 U.S. EPA Fact Sheet 
degree K) 

s Water Solubility Limit (mg/L) Isotope-Specific See Radon-specific Parameters 

T Absolute Temperature (Kelvin) 298.15 Equiva lent to 25°Celcius 

Tb Normal Boiling Point (Kelvin) Isotope-Specific See Radon-specific Parameters 

Tc Crit ical T em peratu res (Kelvin) Isotope-Specific See Radon-specific Parameters 

TCR Target Cancer Risk 1 X 10-6 Selected by user 

TDL Target Dose Limit 1 Selected by user 

Tgw Groundwater Temperatures (Kelvin) Site-specific User-provided 

TWL Target Working Level (unit less) Selected by user 

Entha lpy of vaporization atthe 
Isotope-Specific See Radon-specific Parameters Hv,b normal boiling point (cal/mol) 

Entha lpy of vaporization at 

Hv,gw temperature of Isotope-Specific Determined in this calculator 

grou ndwater(ca 1/mol) 



0.18 resident; 0.6 U.S. EPA 2018 Table 19-25 and 
ACH Air Exchanges per Hour 

industrial Table 19-30 

Aeq Activity Equilibrium Factor Isotope-Specific ORNL2020 

H' 
Dimensionless Henry's Law Constant 

Isotope-Specific See Radon-specific Parameters 
at 25°Celsius (unit less) 

HLC 
Henry's Law Constant at 25°Celsius 

Isotope-Specific See Radon-specific Parameters 
(atm-m3 per mole) 

Henry's Law Constant for 

HLC-T gw Groundwater T em peratu res other Isotope-Specific See Radon-specific Parameters 

than 25°Celsius (atm-m3 per mole) 

Exposure Frequency, Exposure Duration, and Exposure Time Variables 

S~mbol "2. Definition (un its) ':D. Default :w. Reference ':D. 

M Fres-a 
Resident Age Adjustment Factor -

0.77 Determined in this calculator 
adult (unitless) 

MF res,: 
Resident Age Adjustment Factor -

0.23 Determined in this calculator 
ch ild (un itless) 

Resident Exposure Duration !! S Ee8 20] ] I able ]6-JQS· 9Qtb 
EDres 

(year) 
26 

12ercentile for current residence t ime. 

ED res-a 
Resident Exposure Duration -

adult (year) 
20 EDres (26 years) - EDres-c (6 years) 

EDres-c 
Resident Exposure Duration -

6 U.S. EPA 1991 (Qg. 15) 
ch ild (year) 

EDw 
Worker Exposure Durat ion -

25 U.S. EPA 1991 (Qg. 15) 
(year) 

EFres 
Resident Exposure Frequency 

350 U.S. EPA 1991 (Qg. 15) 
(days/year) 



EF res-a 
Resident Exposure Frequency -

350 U.S. EPA 1991 (pg. 15) 
adult (days/year) 

EFres-c 
Resident Exposure Frequency -

ch ild (days/year) 
350 U.S. EPA 1991 (pg. 15) 

EFW 
Worker Exposure Frequency 

250 U.S. EPA 1991 (pg. 15) 
(days/year) 

ET res 
Resident Air Exposure Time 

24 The whole day 
(hours/day) 

ET res-a 
Resident Air Exposure Time -

24 The whole day 
adult (hours/day) 

ETres-c 
Resident Air Exposure Time -

24 The whole day 
ch ild (hours/day) 

ETW 
Worker Air Exposure Time 

8 The work day 
(hours/day) 

I FAres-adj-dose 
Resident Age-Ad justed 

6,195 (m3/year) 
Ca lcu lated using the age-adjusted 

Inhalat ion Fraction (m3) intake factors equation. 

IF Ares-adj-risk 
Resident Age-Ad justed 

161,100 (m3) 
Ca lcu lated using the age-adjusted 

Inhalat ion Fraction (m3) intake factors equation. 

Resident Inhalat ion Rate - adult 
IRAres-a 

(m3/day) 
20 !! S Ee6 J991 (pg 15) 

IRAres-c 
Resident Inhalat ion Rate - child 

(m3/day) 
10 U.S. EPA 1991 (pg. 15) 

Worker Inhalation Rate (m3/day; 

IRAw based on a rate of 2.5 m3/hour 60 U.S. EPA 1997b (pg. 5-11) 

for 24 hours) 
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Summary 
I am a Senior Risk Analyst at the United States Nuclear Regulatory Commission in Rockville, MD. I am responsible for 

review of dose and performance assessment models prepared by licensees and the United States Department of Energy 

for a number of complex decommissioning sites; waste-incidental-to-reprocessing facilities; and low-level waste disposal 

facili t ies. I have served as the lead technical reviewer on a number of complex decommissioning projects including t he 

West Valley Demonstrat ion Project in West Valley, New York; the AAR Manufacturing site in Livonia, Michigan; and the 

Beltsville Agricultural and Research Center in Beltsville, Maryland. I have also served as a lead technical reviewer helping 

to facilitate closu re of large, underground high-level waste tanks located at the Idaho Nat ional Laboratory in Idaho Falls, 

Idaho, and the Savannah River Site near Aiken, South Carolina. I was also a key member of the technical review teams 

for the Saltstone Disposal Facility at the Savannah River Site, and Hanford Single-Shell Tanks in Hanford, Washington. I 

assessed the risk of pre-Part 61 regulat ion low-level waste disposals at the request of Washington Department of Health 

for the U.S. Ecology's low-level waste disposal facili ty located in Hanford, Washington. As a senior risk analyst, I have 

also worked on development of gu idance related to review of performance assessments prepared for low-level-waste 

disposal and dose modeling prepared to support complex site decommissioning. I have also prepared cou rse materials 

and conducted training related to radioactive waste disposal and performance assessment reviews both nat ionally and 

internationally. 

Experience 

~ Senior Risk Analyst 

U.S. Nuclear Regu latory Commission 
Jun 2005 - Present (15 years 5 months+) 

--Provides consultative reviews of performance assessments for waste-incidental-to-reprocessing facilities 

(e.g., high-level waste tank closures at Idaho Nat ional Laboratory and Savannah River Site) . 

--Monitors DOE disposal actions related to waste-incidental-to-reprocessing to assess compliance wi th 

performance objectives for low-level-waste disposal. 

--Prepares independent models to assess risk of residual radioact ivity in soils and buildings; and near-surface 

disposal of radioact ive waste. 

--Participates in public meet ings and technical exchanges with decommissioning licensees and U.S. 

Department of Energy. 

--Prepares guidance and conducts training related to reviews of low-level-waste disposal performance 

assessments and decommissioning dose modeling. 

--Participates in international activities to develop guidance and conduct training related to decommissioning 

(e.g., NEA's Expert Group on Legacy Management) and low-level waste disposal (e.g., IAEA's Human Intrusion in 

the Context of Disposal of Radioact ive Waste). Conducted dose modeling and contaminant fate and transport 

modeling training focused on uranium recovery sites in South America. 

--Dose analyst on the reactor protect ive measures team in the Emergency Response Organization. 

Senior Engineer 

Bechtel Savannah River Site 
May 2001- May 2004 (3 years 1 month) 
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--Constructed groundwater models to assess risk and evaluate remedial alternatives for contaminated 

groundwater and source areas under the CERCLA program. 

--Participated in Core Team meetings with state and federal regulators. 

--Prepared groundwater monitoring plans. 

--Evaluated groundwater monitoring data. 

--Prepared dose assessments for decommissioning sites. 

--Conducted technical training. 

Education 

ea Clemson University 
Master of Science (MS), Environmental Systems Engineering 
1996 - 1998 

Course work included: 

Environmental Engineering 

Air Pollut ion 

Health Physics/ Radiation Protect ion 

Radiation Detection and Instrumentation 

Environmental Risk Assessment 

Groundwater Modeling 

Contaminant Fate and Transport 

Environmental Chemistry 

Advanced Engineering Mathematics 

Geostat istics 

Environmental Law 

College of Charleston 

Bachelor's Degree, Mathematics 
Double Major in Mathematics (BS) and Political Science (BA) 

Course work included: 

Calculus I, II, Ill 

Differential Equations 

Advanced Calculus I and II 

Linear Algebra 

Modern Algebra 

Discrete St ructu res 

Form Logic and Logic Theory 

Computer Programming 

Judicial Process 

Constitut ional Law 

Internat ional Law 

Criminal Justice 

Civil Liberties 

Physics 

Chemistry 

Spanish 

Licenses & Certifications 
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Regression Analysis - Statistics.com 

AN OVA and Regression - Statistics.com 

Predictive Analytics - Statistics.com 

Predictive Analytics 2 - Neural Nets and Regression - The Institute for Statistics Education 

at Statistics.com 

Predictive Analytics 3 - Dimension Reduction, Clustering, and Association Rules - The 

Institute for Statistics Education at Statistics.com 

Skills 
Radioactive Waste Management • Groundwater Modeling • Groundwater Remediation • Probabilistic Models • 

Risk Assessment • Nuclear Decommissioning • Environmental Engineering • Remed iat ion • Rad iologica l Surveys 

Honors & Awards 

Team Special Act Award - United States Nuclear Regu latory Commission 
2006,2007,2020 

Performance Award - United States Nuclear Regu latory Commission 
1999,2000,2004,2005,2006,2007,2008,2009,2010,2011,2012,2013,2014,2015,2016,2017,2018,2019 

Time Off Award - United States Nuclear Regu latory Commission 
2005,2008,2019 

Group Award - United States Nuclear Regu latory Commission 
2009, 2009, 2010, 2014, and 2018 

Employee of the Quarter Award - Office of Federal State Material and Environmenta l 

Management Programs 
Sep2011 
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Peer Reviewer Conflict of Interest Certification 

Peer Review: Draft Ra'tlm1 Vapor llllrusim, Sc:ree11ing Le,,el Calculator (RIVSL) 

A con 11iet of imcrcsl or lack of impaniality exists when the proposed peer reviewer personally (or the peer 
reviewer's immediate family), or his or her employer. has financial interests that may be affected by the results of the 
peer review: or may provide an unfair competitive advantage to the peer reviewer (or employer); or if the peer 
reviewer·s objectivity in performing the peer review may be impaired dut= 10 other fa~:tors. When tlk! Peer Reviewer 
kn9ws that a reasonable person with knowledge oflhe facts may question the peer reviewer's impar1ialily or 
financial mvolvement. an apparent lack of impartiality or conflict of interest exists. 

The following questions. if answered affinuatively. represent potential or apparent lack ofimpartiality (WU: 
11@r111ative cmsw<:'1:~ should be e.r:pl'1ined iJi u11 attad1111e11t): 

• Did you eontrihute to ti~ development of the RIVSL calculator (and associated wchpagcs) under peer 
review, or were you i:onsultcd during its development. or did you offer comments or suggestions to any 
drafts or versions of the document during its development? ri;o D Yes 

• D<> you know of any reason that you might he unable to provide impanial advice on the matter under 
considcr.ition in this peer review, or any reason that your impartiality in the mailer might be questioned"! 

2:"No D Yes 
• Have you had any previous involvement with the RIVSL calculator under consideration?,~, D Yes 
• Have you served on previous advisory panels, committees. or subcommittees that have addressed the topic 

wider consideration'? :t'No O Y l!S 

• Have you made any public statements (written or oral) on the issue'1 Ao□ Yes 
• Have you made any public statements that would indicate to :m obser\"er that you have taken a position on 

the issue under consideration? il"'No □ Yes 
• D,, you. your family. or your employer have any financial intercst(s) in the matter or topic under pe<!r review. 

or could someone with access to rdevam facts reasonably conclude that you tor your family or employer) 
1,land to benelil from a particular outcome of this peer review? ·7\:o ::::J Yes 

With regard to real or apparent conflicts of interest or questions of impartiality. the following provisions shall apply 
for the durc1tion of this peer review: 

(a) PL-er Reviewer warrants. to the best of his/her kno,vlcdge and bcl icf. that there arc no relevant facts c,r 
circumstances that could give rise to an actual. apparent. or potential organizational or personal conflict of interest. 
or that Pt?er Reviewer has disclosed all such relevant infonnation to EMS or to EPA. 
( b) Peer Reviewer agrees that if an actual. apparent. or potential personal or organizational con nict of interest is 
identilie<l during perfom1ancc of this peer rcvie,,, he/she immediately will make a full disclosure in writing to EMS. 
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taken. 
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Charge Questions (Barr): 

 A. Homepage and Overall Website 

1. Is the website clearly organized, described, easy to navigate, and generally “user 
friendly” and appropriate for the target audience? If not, what do you recommend? 

Yes the web site is clearly organized, easy to navigate and user friendly. 

2. Have the objectives of the RVISL calculator, as stated in the documentation, been met? If 
not, what do you recommend? 

I am unsure what the “objectives” of RVISL calculator are.  However, the RIVSL 
appears to do the following as explained in the User’s Manual: 

This tool provides screening level concentrations of radon for groundwater, soil gas 
(sub-slab and exterior), and indoor air to assist Agency staff with making a radon vapor 
intrusion screening level (RVISL) determination based on limited, initial data. In addition 
to calculating screening levels, this tool can calculate indoor air concentrations from 
radon in soil gas and groundwater concentrations entered by the user.  The cancer risk 
and dose from calculated indoor air concentrations and user-provided indoor air 
concentrations can also be calculated.  

Several comments are provided in the pdf files of the User’s Manual and other 
documentation that if incorporated I think would provide increased transparency and 
support for the methodology. 

3. Do you recommend any modifications to the Homepage graphic? 

 Yes, several comments were made on the homepage graphic (see file RVISL Home Page 
and FAQs csb comments.pdf) 

4. Do you have any other recommendations to improve the usability of the website? 

 See comments in pdf files. 

B. User’s Guide 

1. Does the User’s Guide adequately explain the concepts addressed by the calculator and 
its limitations? 

 Additional detail could be provided.  See comments in file RVISL User’s Guide csb.pdf. 

 Additionally, it would help to provide screen shots of the forms and the output with 
simple examples of how to use the calculator. 

2. Are the assumptions clear and reasonable? If not, what do you recommend? 

 Yes, the assumptions are generally clear and reasonable. 

3. Are the sources and citations appropriate, and do they represent the current state of 
knowledge? If not, what do you recommend? 
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 Additional detail and supporting information could be provided (e.g., support for risk-
significant assumptions and parameters and information on dosimetry). See comments in 
the file RVISL User’s Guide csb.pdf. 

C. Frequent Questions 

1. Are the 11 questions clearly worded? If not, what do you recommend? 
 
Please see comments on RVISL Home Page and FAQs csb comments.pdf file. 
 

2. Are the 11 responses clear, concise, and accurate? If not, what do you recommend? 
 
Please see comments on RVISL Home Page and FAQs csb comments.pdf file. 
 

3. Are there other helpful questions and answers that should be added? If yes, please list the 
questions. 
 
Yes, include a basic question and answer on how the screening levels are calculated 
based on default assumptions and parameters. A table of alternative approaches to using 
the calculator on the main page or in the User’s Manual would be helpful. Describe 
where the generic screening levels are located (it looks like this information is not yet 
available on the web site, see empty page when you click on the “generic tables” link 
although that would be helpful). 

D. Calculator 

1. Are the results clearly explained and presented? If not, what do you recommend? 

 See comment above on User’s Manual. It would help to provide screen shots of inputs 
and outputs from the calculator.  

2. Are the results appropriately described and qualified (to the extent that they may be relied 
upon and defended)? If not, what do you recommend? 

 Additional detail could be provided as noted in the file RVISL User’s Guide csb.pdf. 

3. Do the results provide defensible explanation of how they were derived, or are they the 
result of a “black box?” Do you recommend anything different?  

 Additional detail could be provided as noted in the file RVISL User’s Guide csb.pdf.  

4. RVISL calculation of the equilibrium level (Feq) of radon progeny that would be present 
in indoor air is based on air exchange rate. Should other mechanisms (seasonal 
atmospheric changes, building construction, surface plating, aerosol sizes, regional 
geology, air flow) be incorporated in the calculation?  

 As noted in comment, insufficient information is provided to determine the conservatism 
or reasonableness of the default values. The capability to adjust the parameter with 
sufficient support (in addition to adjusting the air exchange rate) would beneficial 
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particularly if additional credit could be taken to alleviate potential conservatisms using 
the current approach. 

5. Is there anything else you recommend for the calculator to improve it for its stated 
purpose? 

 See comments provided in the file RVISL User’s Guide csb.pdf 

E. Anything Else? 

Is there anything else you would recommend to improve the RVISL calculator’s utility, 
accuracy, completeness, or supportability?   

Additional information on any benchmarking, verification, and validation studies, 
including supporting data, would also increase confidence in the results. 
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 1 

Figure caption: This figure depicts the migration of radon in soil gas from contaminated soil and groundwater 2 
into buildings. Radon in soil gas is shown to enter buildings through cracks in the foundation and openings for 3 
utility lines. Atmospheric conditions and building ventilation are shown to influence radon soil gas intrusion. 4 

Welcome 5 

Welcome to the "Radon Vapor Intrusion Screening Level (RVISL) Calculator Home Page for 6 
Radionuclide Contaminants at Superfund Sites". This website was developed with DOE's Oak 7 
Ridge National Laboratory (ORNL) under an Interagency Agreement with the U.S. Environmental 8 
Protection Agency (EPA). The RVISL website is now the generally recommended source of radon 9 
screening levels for all EPA regions. The RVISL calculator output provides comparison values and 10 
risk and dose estimates for residential and commercial/industrial exposures to radon in soil gas, 11 
air, and groundwater. Note that for Comprehensive Environmental Response, Compensation, and 12 
Liability Act (CERCLA) remedial actions, dose assessment is generally done only to show 13 
compliance with a dose-based Applicable or Relevant and Appropriate Requirement (ARAR). In 14 
addition, the calculator presents the option to compare the indoor air concentration, entered by 15 
the user or derived from groundwater or soil gas activities, to state standards or Uranium Mill 16 
Tailings Radiation Control Act (UMTRCA) standards, which also may be potential ARARs. The 17 
unified use of the RVISLs to screen radon at Superfund sites promotes national consistency. The 18 
RVISL uses the same database of toxicity values, chemical parameters, and inhalation exposure 19 
equations as the Preliminary Remediation Goals (PRGs) for Radionuclide Contaminants at 20 
Superfund Sites calculator. The RVISL calculator provides default parameters that can be 21 
modified to reflect site-specific risks. To ensure proper use of the calculator, please review 22 
the What's New, User's Guide, and Frequently Asked Questions links. The EPA has prepared a fact 23 
sheet for the general public that describes RVISL uses, RVISL calculator operation, and land uses 24 
available for assessment. Additionally, this fact sheet describes the RVISL content in greater detail 25 
for EPA staff. Below is a general description of screening levels for radon. If the calculator is used 26 
with non-default inputs in a decision on a Superfund site, it is recommended that the inputs be 27 
clearly identified and justified by the user. 28 

The RVISL calculator provides updated guidance for developing screening levels (SLs) or 29 
preliminary remediation goals (PRGs) for indoor radon-222, radon-220, and radon-219 that are 30 

water table 

I 
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risk- or dose-based and for showing compliance with the UMTRCA indoor radon standards for 31 
radon-222 and radon-220. The RVISL, therefore, supersedes the risk assessment approach in 32 
Preliminary Remediation Goals for Radionuclides in Buildings (BPRG) electronic calculator, the 33 
dose assessment approach in ARAR Dose Compliance Concentrations Goals for Radionuclides in 34 
Buildings (BDCC) electronic calculator, and Q17 of the guidance document "Radiation Risk 35 
Assessment At CERCLA Sites: Q & A" issued on May 2014. Computer codes such as the RVISL, 36 
which were developed to predict potential human exposure from radon concentrations in indoor 37 
air, are based on simplified equations and assumptions and are highly imprecise for an individual 38 
house or structure. EPA would recommend, where possible, Regions use measurements of radon 39 
indoors rather than rely on the transport portions of the RVISL. In particular, testing of 40 
groundwater or soil gas is not required to demonstrate compliance with RVISL WL, pCi/L, risk, or 41 
dose targets. 42 

Users should note that since background radon levels are typically outside the risk range, the 43 
RVISL calculator is likely to be used primarily for ARAR compliance. For example, the UMTRCA 44 
indoor radon standards 40 CFR 192.12(b)(1) and 192.41(b) were identified as likely Federal ARARs 45 
for Rn-222 and Rn-220 in Attachment A of the EPA guidance document "Establishment of Cleanup 46 
Levels for CERCLA Sites with Radioactive Contamination." There are some state standards 47 
expressed in pCi/l or mrem/yr that, if more stringent than the UMTRCA standards, may be 48 
selected as ARARs. 49 

Introduction 50 

Superfund sites are addressed under the authority of the Comprehensive Environmental 51 
Response, Compensation, and Liability Act (CERCLA) of 1980, which was amended by the 1986 52 
Superfund Amendments and Reauthorization Act. The purpose of this website is to provide a 53 
screening level calculation tool to assist risk assessors, remedial project managers, and others 54 
involved with risk assessment and decision-making at CERCLA sites in developing or refining 55 
screening levels. 56 

Rn-222 is commonly refered to radon because of its parent radium-226. Rn-220 is commonly 57 
called thoron because of its parent thorium. Rn-219 is commonly called actinon because of its 58 
parent actinium. Click the decay chain link to see the decay series for Rn-222, Rn-220, and Rn-219. 59 
The metal groups in these images are based on Los Alamos National Laboratory literature. See 60 
section 2.2 of the User's Guide to learn what progeny are evaluated in this web calculator. More 61 
details about the decay chains can be found in the EPA's Decay Chain Tool. 62 

This tool is based on the Technical Guide for Assessing and Mitigating the Vapor Intrusion 63 
Pathway from Subsurface Vapor Sources to Indoor Air (June 2015). Vapor intrusion occurs when 64 
there is a migration of vapor-forming chemicals or radon from any subsurface source into an 65 
overlying building. Recognition of soil vapor intrusion to buildings and other enclosed spaces 66 
occurred in the 1980s with concerns over radon intrusion. Subsequently, there was an increasing 67 
awareness that anthropogenic chemicals (e.g., petroleum hydrocarbons and chlorinated 68 
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solvents) in soil, groundwater, and sewers and drainlines could also pose threats to indoor air 69 
quality via the vapor intrusion pathway. 70 

The RVISL calculator results were previously verified. The documentation from these may be seen 71 
on the Internal Verification and External Verification pages. The RVISL calculator was also 72 
previously peer reviewed, and the documentation of the review may be seen here. 73 

Chemicals are not addressed on this website. For chemical vapor intrusion, please go to EPA's 74 
Vapor Intrusion Screening Level Calculator. 75 

Note: No consideration is given to ecological effects in the values presented in this calculator. 76 

Frequently Asked Questions 77 

This page presents many questions asked by site users and the applicable responses. Please 78 
search this page for answers to your questions prior to contacting technical support staff. 79 
Researching the questions and answers posted here will greatly reduce the time it takes for 80 
you to solve many problems that arise from calculating and using this SL site. 81 

1. What are RVISLs? How are they used? 82 

RVISLs are preliminary remediation goal concentrations for groundwater, soil gas (sub-83 
slab and exterior), and indoor air to assist Agency staff with making a vapor intrusion 84 
determination based on limited, initial data. 85 

2. How can I change attenuation factors? 86 

To change the attenuation factors, run the calculator; the main page has editable cells 87 
with the default factors presented. 88 

The screening levels for groundwater and soil gas (either sub-slab gas or soil gas 89 
collected exterior to buildings) are calculated from the target indoor air concentrations 90 
using empirically-based conservative "generic" attenuation factors that reflect 91 
generally reasonable worst-case conditions, as described in the EPA's vapor intrusion 92 
guidance. 93 

A critical assumption for this generic model is that site-specific subsurface 94 
characteristics will tend to reduce or attenuate soil gas concentrations as vapors 95 
migrate upward from the source and into overlying structures. Specific factors that may 96 
result in relatively unattenuated or enhanced transport of vapors into a building 97 
include the following: 98 

o Significant openings to the subsurface that facilitate soil gas entry into the building 99 
(e.g., sumps, unlined crawl spaces, earthen floors) other than typical utility 100 
penetrations. 101 
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o Very shallow groundwater sources (e.g., depths to water less than five feet below 102 
foundation level) 103 

o Significant routes for preferential, subsurface vapor migration whether naturally 104 
occurring (e.g., fractured bedrock) or anthropogenic. 105 

The factors listed above may negate the appropriate application of the recommended 106 
attenuation factors and the sub-slab, groundwater, and soil gas VISLs for purposes of 107 
identifying sites or buildings unlikely to pose a health concern through the vapor 108 
intrusion pathway. On the other hand, further evaluation of the vapor intrusion 109 
pathway is still appropriate when the sub-slab, groundwater, and soil gas VISLs are 110 
exceeded for samples from a building or site where these specific factors are present. 111 

Vapor source types that typically make the use of the recommended attenuation 112 
factors and health-based VISLs for groundwater and soil gas inappropriate include: 113 

o Those originating in landfills where methane is generated in sufficient quantities to 114 
induce advective transport in the vadose zone. 115 

o Those originating in commercial or industrial settings where vapor-forming chemicals 116 
can be released within an enclosed space and the density of the chemicals' vapor may 117 
result in significant advective transport of the vapors downward through cracks and 118 
openings in floors and into the vadose zone. 119 

o Leaking vapors from pressurized gas transmission lines. 120 

In each case, the diffusive transport of vapors may be overridden by advective 121 
transport, and the vapors may be transported in the vadose zone several hundred feet 122 
from the source of contamination with little attenuation in concentration. In general, 123 
EPA recommends considering whether the assumptions underlying the generic 124 
conceptual model are attained at a given site. If they are not attained, then EPA 125 
recommends that the medium-specific VISLs not be relied upon as a line of evidence for 126 
identifying sites or buildings unlikely to pose a health concern through the vapor 127 
intrusion pathway. Where the assumptions regarding the subsurface attenuation 128 
factors do not or may not apply, EPA generally recommends collecting indoor air 129 
samples. 130 
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3. Why can't I calculate RVISLs for bulk soil samples? 131 

Consistent with the 2015 OSWER Technical Guide for Assessing and Mitigating the Vapor 132 
Intrusion Pathway from Subsurface Vapor Sources, "bulk soil (as opposed to soil gas) 133 
sampling and analysis is not currently recommended for estimating the potential for 134 
vapor intrusion to pose unacceptable human health risk in indoor air, because of the 135 
potential for vapor loss due to volatilization during soil sampling, preservation, and 136 
analysis. In addition, there are uncertainties associated with soil partitioning 137 
calculations." 138 

4. How can I access the " forward calculator"  function? 139 

In addition to calculating screening levels, the calculator allows the user to input data 140 
collected from their site. This data is used to model the indoor air concentration, 141 
calculate a chronic daily intake, and present cancer risk. On the calculator main page, 142 
select "Yes" under the section titled " Predict indoor air concentrations and risk from 143 
measured media concentrations?" . A choice will be presented for the user to select 144 
between air, soil gas, and groundwater data. "Site-specific" mode is automatically 145 
activated, and the user will be prompted to enter their site data. 146 

5. How can I adjust groundwater temperatures? 147 

The main page of the calculator has a cell where the temperature can be changed from 148 
the default of 25 °C. 149 

Users are given the option to change the groundwater-soil system temperature from 150 
the default of 25°C to a site-specific value. Since the unitless Henry's Law Constant (H') 151 
is derived based on the partial pressure of a gas in equilibrium with a liquid and the 152 
equilibrium changes when temperature changes, H' is changed to reflect the 153 
equilibrium at the given temperature. The equation below illustrates how H' is derived 154 
when groundwater temperature is changed. An EPA Fact Sheet describing the process 155 
can be found at https://www.epa.gov/vaporintrusion/fact-sheet-correcting-henrys-law-156 
constant-temperature. 157 

6. How are the results converted to a mass basis? 158 

Appendix B of the Soil Screening Guidance for Radionuclides Technical Background 159 
Document presents a formula for converting PRGs in pCi/g to mg/kg and also a formula 160 
for converting pCi/L to mg/L. The equation is reproduced here with similar conversions 161 
for mg/m3 and mg/cm2. 162 
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172 

C. (mg/L) = 2 .8x1 □·15 ( mg•mole ) xA ( - 9- ) xr (years)xC (pCi/L) 
I,a pCl-g•year w mole 112 gw 

and: 

c. (mgtm3) =2.ax10·15 ( mg•mole ) xA ( - 9- ) xr
112 

(years)xC (pc itm3) 
1,a pCl-g•year w mole sg 

where: 

Aw is the radionuclide atomic we ight and r
112 

is the radionuclide half-l ife . 

The derivation of the 2.8 x 10·12 conversion is presented below. 

2_8x10.1s ( mg.mde) • (1x10·
1
_:?ci}(3.7x10

10
'1/s)x(31,536,000 s)x-1-x(all:>ms\,( I mole )x (1000 mg) 

ljiCl.g")'ear pC1 c, year 0.693 nt / 6.023x1023all:>ms 9 

'llhere: 

nt • r..ideet transfonnerlions (decays) 

A(~) • N(numberoferloms) xo.693( ~ ) 
year T v, (years) alxlm 

Combination of the derivation of the conversions w ith the isotope-specific half life and 
atomic weight is presented here. 

C (mgll.) = C (pCiil.)• (1 ,10· 1_2C•)•(3 7•
1
01_° "¼)•(31.536 ODO s). _ 1_. (atoms) • ( 1 mole ] • (1000 mg)•A (_g_)xr 

12 
(years) 

1,a gw pC, C, year 0.693 nt 6 023 x1023ato ms g w mole 1 

and 

C. (mglm3) = C [pCi/m3)x (1 ,10· 1
2c;)• (3.7x101_ DnY.), (31 f,36 ,000 •)•-1-x (atoms)x( l mole )x(1 000 mg)•A (-9- ) xT ( )-ears) 

•.• •9 pC, c, yeo r 0.693 nt 6.023•l023atoms g w mo le 1n 

where 

Aw io the radionuclide atomic weight sndT
112 

,o t he radionuclide hslf- lfe. 

nt = nudear transformalons (decays) 

A(~) = N(nu mb er o f a toms) xO.S93 (~) 
year r

112 
(yoars) a to m 

173 7. How were the UMTRCA working level {WL) standards converted to pCi/ L? 
174 
175 
176 

This table depicts the three steps to convert the UMTRCA WL standard to pCi/ L. For more 
discussion on Wl s, see the User's Guide Section 2.8. 

6 



Rn-222 

1 WL = 100 pCi/L 

1 WL = 100,000 pCi/m3 

1 WL = 3.7 Bq/L 

1 WL = 3,700 Bq/m3 

Rn-222 

1 WL = 250 pCi/L 

1 WL = 250,000 pCi/m3 

1 WL = 9.25 Bq/L 

1 WL = 9,250 Bq/m3 

Rn-222 

0.02 WL = 5 pCi/L 

0.02 WL = 5,000 pCi/m3 

0.02 WL = 0.185 Bq/L 

Rn-220 

1 WL = 7.5 pCi/L 

1 WL = 7,500 pCi/m3 

1 WL = 0.2775 Bq/L 

1 WL = 277.5 Bq/m3 

Rn-220 

1 WL = 375 pCi/L 

1 WL = 375,000 pCi/m3 

1 WL = 13.875 Bq/L 

1 WL = 13,875 Bq/m3 

Rn-220 

0.02 WL = 7.5 pCi/L 

0.02 WL = 7,500 pCi/m3 

0.02 WL = 0.2775 Bq/L 
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Rn-219 

1 WL = 162 pCi/L 

1 WL = 162,000 pCi/m3 

1 WL = 5.994 Bq/L 

1 WL = 5,994 Bq/m3 

Rn-219 

Unable to provide 
conversion due to 
missing F eq from 
Federal Guidance 

for Rn-219. 

Rn-219 

Unable to provide 
conversion due to 
missing F eq from 
Federal Guidance 

for Rn-219. 



0.02 WL = 185 Bq/m3 0.02 WL = 277.5 Bq/m3 

177 Working Level Conversion References 

178 o David Allen. Dose Conversion Factors for Radon WLM. Centers for Disease Control (CDC), 
179 June 2018. 

180 o Health Physics Society (HPS). Ask the Experts: Environmental and Background 
181 Radiation - Radon. May 2017. 

182 8. When do I use risk-based versus dose-based versus WL screening level types? 

183 The RVISL calculator is likely to be used primarily for ARAR compliance. For example, 
184 the UMTRCA indoor radon standards 40 CFR 192.12(b)(1) and 192.41(b) were identified 
185 as likely Federal ARARs for Rn-222 and Rn-220 in Attachment A of the EPA guidance 
186 document "Establishment of Cleanup Levels for CERCLA Sites with Radioactive 
187 Contamination. " There are some state standards that may be expressed in pCi/1 or 
188 mrem/ yr that if more stringent than the U MT RCA standards may be selected as ARA Rs. 
189 Background levels of indoor radon will typically exceed the risk range, and it would 
190 generally not be expected that remediation levels for indoor radon would be risk-based 
191 or based on background. The risk portions of the RVISL can still be used to provide risk 
192 estimates for the ARAR-based remediation levels. 

193 9. When should modelling instead of measurements be used for indoor radon? 

194 Computer codes such as the RVISL, which were developed to predict radon 
195 concentrations in indoor air for potential human exposure based on simplified 
196 equations and assumptions, are highly imprecise for an individual house or structure. 
197 EPA would recommend, where possible, Regions use measurements of radon indoors 
198 rather than rely on the transport portions of the RVISL. In particular, testing of 
199 groundwater or soil gas is not required to demonstrate compliance with RVISL WL, 
200 pCi/L, risk, or dose targets. 

201 10. Why do the Superfund RVISL calculator risk results for 4 pCi/ L of Rn-222 in air differ 
202 from the reported ORIA health risks for the same activity? 

203 The RVISL calculator risk results for 4 pCi/ L of Rn-222 in air differ from the reported 
204 ORIA health risks for the same activity for several reasons. The first reason for a 
205 difference in the risk results is that the RVISL calculator uses risk coefficients based on 
206 morbidity (getting cancer) from inhalation and submersion exposure routes, while the 
207 ORIA tables are based on mortality (death) from inhalation-induced lung cancer only. 
208 The ORIA Health Risk of Radon web page reports that for smokers and never-smokers, 
209 the mortality risk from lung cancer of 4 pCi/L of Rn-222 is 62 out of 1,000 people and 7 
210 out of 1,000 people, respectively, or 6.2 x 10·2 and 7 x 10-3. Given in the scientific notation 
211 format used in the RVISL, this relates to a lung cancer mortality risk of 6.2E-02 and 7E-
212 03, respectively. The RVISL residential risk results for a combination of smokers and 
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213 never-smokers to 4 pCi/L of Rn-222 in air is 8.39E-02, which rounds to 8.4 x 10·2 • 

214 Additionally, the ORIA risk estimates are based on an average population study, where 
215 the individual's exposure parameters are not considered, while the RVISL results are 
216 based on a reasonably maximum exposed (RME) individual. The individual exposure 
217 parameters considered in Superfund assessments include dwelling air exchange rate, 
218 inhalation rates, exposure duration, and resident time indoors. 

219 For more information on different methods for making radon inhalation cancer risk 
220 estimates see section 2.3.1 of the User Guide. 

221 11. I noticed the VISL and RVISL use the same attenuation factors. Are the VISL default 
222 attenuation factors appropriate for use in the RVISL calculator? 

223 The default VISL attenuation factors are also used in the RVISL. In fact, radon intrusion 
224 studies were the foundation for recognition that chemical vapors also intrude into 
225 buildings and enclosed spaces from soil and groundwater sources (EPA 1995). It was 
226 also observed that vapor intrusion mitigation remedies suppress both chemical and 
227 radon gasses and that monitoring radon intrusion is a viable surrogate for predicting 
228 chemical intrusion susceptibility in buildings (EPA 2015). Many studies reported in EPA 
229 2012a, demonstrate strong correlation between radon and chemical sub-slab soil gas 
230 attenuation factors calculated when the radon and chemicals are uniformly collocated. 

231 The default attenuation factors can be substituted for site-specific attenuation factors if 
232 underlying site conditions are known. EPA 2012b presents site-specific attenuation 
233 factors for sub-slab soil gas, groundwater, and crawlspaces for chemicals. The 
234 attenuation factors are summarized in the following table. The defaults used in the VISL 
235 and RVISL calculators are highlighted. The defaults are based on the 95th percentile and 
236 are appropriate for adjusting an RME scenario. The 50th percentile values would be more 
237 appropriate for a central tendency exposure scenario where a large amount of 
238 sampling data is available to reduce uncertainty in calculating the exposure 
239 concentration or defining nature and extent of the source term. 

- - - Th, l'S'ifflfiilrn - - - - -l...,Ui'l'lril ......!..... , -"'''"ll:.llll0<11l1J1Uo&lflHIJ-, 

Residence Type Median (50th percentile) 95th Percentile 

All residences 3E-03 (0.003) 3E-02 (0.03)* 

Residences with basements 3E-03 (0.003) 3E-02 (0.03) 

Residences with slab-on-grade 3E-03 (0.003) lE-02 (0.01) 
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.~•11111 -:-.. .. ,-. --1:..1111l:---.1r.11tl.,-;~IJl~r.;,.,11--;.11-., 

Scenario Median (50th percentile) 95th Percentile 

All soil types and water depths 7E-05 (0.00007) IE-03 (0.001)* 

Fine soil type 5E-05 (0.00005) 5E-04 (0.0005) 

Coarse soil type l E-04 (0.0001) lE-03 (0.001) 

Ve1y coarse soil type 2E-04 (0.0002) 4E-03 (0.004) 

Depth to water < 1.5 m 6E-04 (0.0006) 7E-03 (0.007) 

Depth to water 1.5-3 m l E-04 (0.0001) 2E-03 (0.002) 

Depth to water 3-5 m 4E-05 (0.00004) 2E-03 (0.002) 

Depth to water > 5 m 5E-05 (0.00005) 6E-04 (0.0006) 

- - I~ - - - - -].a'W[.lillllllll _..L_........:..J.l..!.'w ■■:.. ■ 111'. ■ IIIU1J9'l - ■ 11-., 

Scenario Median (50th percentile) 95th Percentile 

All residences 4E-03 (0.004) 3E-01 (0.3) 

-- .. ---- -l.i!P. .. '-'MIL."11111.l '■l.;..'-'-~••:i.1 IV.II I ,ll , 11r 

Scenario Median (50th percentile) 95th Percentile 

All residences 4E-01 (0.4) 9E-01 (0.9) 

240 *These are the VISL and RVISL defaults. 
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United States 
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Search EPA.gov 

Draft Radon VISL User's 

Guide (April 2020) 
PDF of User Guide 

Welcome to the EPA's Radon Vapor Intrusion Screening Level (RVISL) 

Calculator User's Guide for Radionuclide Contaminants at Superfund Sites. 
This guide contains descriptions, equations, and default exposure 

parameters used to calculate cancer risk and dose-based RVISLs. 
Additional guidance is also provided on sources of parameters and proper 

Menu 

CONTACT US 

Radon Vapor Intrusion 
Screening Levels 

(RVISL) 

• Home Page 

• User's Guide 

• What's New 

• Frequent Questions 

• Equations 

• RVISL Calculator 

• Generic Tables 

RVISL use. It is suggested that users read the RVISL Frequent Questions page before proceeding. The 

user guide is extensive, so please use the "Open All Sections" and "Close All Sections" links below as 
needed. Individual sections can be opened and closed by clicking on the section titles. Before 

proceeding through the user's guide, please read the Disclaimer. 

This tool provides screening level concentrations of radon for groundwater, soil gas (sub-slab and 
exterior), and indoor air to assist Agency staff with making a radon vapor intrusion screening level 

(RVISL) determination based on limited, initial data. In addition to calculating screening levels, this tool 
can calculate indoor air concentrations from radon in soil gas and groundwater concentrations entered 

by the user. The cancer risk and dose from calculated indoor air concentrations and user-provided 
indoor air concentrations can also be calculated. The equations for these features are presented in the 
following sections. Note that for Comprehensive Environmental Response, Compensation, and Liability 
Act (CERCLA) remedial actions, dose assessment is generally done only to show compliance with a 
dose based Applicable or Relevant and Appropriate Requirement (ARAR). In addition, the calculator 

presents the option to compare the indoor air concentration, entered by the user or derived from 
groundwater or soil gas activities, to state standards or Uranium Mill Tailings Radiation Control Act 
(UMTRCA) standards, which also may be potential ARARs. 

The RVISL calculator provides updated guidance developing screening levels (Sls) or preliminary 

remediation goals (PRGs) for indoor radon-222, radon-220, and radon-219 that are risk or dose based, 
and for showing compliance with the UMTRCA indoor radon standards for radon-222 and radon-220. The 
RVISL therefore supersedes the risk assessment approach in Preliminary Remediation Goals for 
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Radionuclides in Buildings (BPRG) electronic calculator, the dose assessment approach in ARAR Dose 

Compliance Concentrations Goals for Radionuclides in Buildings (BDCC) electronic calculator, and Q17 

of the guidance document "Radiation Risk Assessment At CERCLA Sites: Q & A" issued on May 2014. 

Open All Sections I Close All Sections 

Disclaimer 
This guidance sets forth a recommended, but not mandatory, approach based upon currently available 
information with respect to risk and dose assessment for response actions at CERCLA sites. This 
document does not establish binding rules. Alternative approaches for risk assessment may be found to 
be more appropriate at specific sites (e.g., where site circumstances do not match the underlying 

assumptions, conditions, and models of the guidance). The decision whether to use an alternative 
approach and a description of any such approach should be documented for such sites. Accordingly, 
comments questioning the use of the approaches recommended in this guidance at individual CERCLA 
sites should be considered and an explanation provided for the selected approach. 

It should also be noted that the radon vapor intrusion screening levels (RVISLs) produced by this 
calculator are based upon human health risk and do not address potential ecological risk. Some sites in 
sensitive ecological settings may also need to be evaluated for potential ecological risk. EPA's guidance 
"Ecological Risk Assessment Guidance for Superfund: Process for Designing and Conducting 
Ecological Risk Assessment" contains an eight step process for using benchmarks for ecological 
effects in the remedy selection process. 

The RVISL calculator provides updated guidance developing screening levels (Sls) or preliminary 

remediation goals (PRGs) for indoor radon-222, radon-220, and radon-219 that are risk or dose based, 
and for showing compliance with the UMTRCA indoor radon standards for radon-222 and radon-220. The 
RVISL therefore supersedes the risk assessment approach in Preliminary Remediation Goals for 

Radionuclides in Buildings (BPRG) electronic calculator, the dose assessment approach in ARAR Dose 
Compliance Concentrations Goals for Radionuclides in Buildings (BDCC) electronic calculator, and Q17 
of the guidance document "Radiation Risk Assessment At CERCLA Sites: Q & A" issued on May 2014. 

1. Understanding the RVISL Website 

1.1 General Considerations 

Radon is an inert, cancer-causing, radioactive gas at room temperature and these criteria used 

to determine if a chemical is suitable for vapor intrusion analysis will be ignored for this 

calculator. 

• To determine vapor intrusion of a chemical, the chemical must first meet the criteria for 

volatility, which is either a Vapor Pressure > 1 mm Hg or a Henry's Law Constant > 1 x 1 o-5 

atm-m3/mole. 

• A chemical must be sufficiently volatile and toxic to pose inhalation or external exposure risk 
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via vapor intrusion from soil source. 

• Third, the chemical must be sufficiently volatile and toxic to pose inhalation or external 

exposure risk via vapor intrusion from groundwater. 

• The chemical must contain either a reference concentration (RfC) or an inhalation unit risk 

(IUR) for a VISL to be calculated. 

While radon is suitable for the vapor intrusion models used for chemicals, this language is not 

su itable for radon. Radon has inhalation and external exposure (submersion) risk coefficients 

(slope factors) and dose coefficients. Additionally, all radionuclides are considered Group A 

carcinogens by the EPA. 

The concentration ratios between radon and its progeny indoors (i.e., the indoor Feq) is very 

much influenced by ventilation, exhalation, solid-particle concentration, and surface deposit ion 

of radon progeny (Chen & Harley, 2018). Exhalation, solid-particle concentration, and surface 

deposition were omitted in this study, for simplification. Air quality was also neglected, and it 

was assumed that actinon, thoron, radon, and subsequent progeny were uniformly distributed 

over the air volume. 

The medium-specific RVISLs for health protection are developed considering a generic 

conceptual model for vapor intrusion consisting of: 

• a source of vapors underneath the building(s) either in the vadose zone or in the uppermost, 

continuous zone of groundwater, separations between walls and foundation slabs, cracks in 

foundations; 

• vapor migration via diffusion upwards through unsaturated soils from these sources toward 

the ground surface and overlying buildings; and 

• buildings with poured concrete foundations (e.g., basement or slab-on-grade foundations) 

that are susceptible to soil gas entry. 

A critical assumption for this generic model is that site-specific subsurface characteristics will 

tend to reduce or attenuate soil gas concentrations as vapors migrate upward from the source 

and into overlying structures. The RVISL relies on default attenuation factors developed from 

measured VI data; however, some site-specific characteristics may result in relatively 

unattenuated or enhanced transport of vapors into a building. These factors include: 

• significant openings to the subsurface that facilitate soil gas entry into the building (e.g., 

sumps, unlined crawl spaces, earthen floors) other than typical utility penetrations; 

• very shallow groundwater sources (e.g., depths to water less than five feet below foundation 

level); and 

• significant routes for preferential , subsurface vapor migration whether naturally occurring 

(e.g., fractured bedrock) or anthropogenic routes: (e.g., abandoned underground utilit ies, 

gravel, highly permeable soil under foundation). 

These specific factors may render the use of the recommended attenuation factors and 

the sub-slab, groundwater, and soil gas RVISLs inappropriate for purposes of 
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identifying sites or buildings unlikely to pose a health concern through the vapor 

intrusion pathway. On the other hand, further evaluation of the vapor intrusion pathway is still 

appropriate when the sub-slab, groundwater, and soil gas RVISLs are exceeded for samples 

from a building or site where these specific factors are present. 

In addition, certain vapor sources, listed below, invalidate the recommended attenuation 

factors and screening levels used the RVISL: 

• those originating in landfills where radon is generated in sufficient quantities to induce 

advective transport in the vadose zone and 

• those originating in commercial or industrial settings where radon can be released within an 

enclosed space and the density of the radon vapor may result in significant advective 

transport of the vapors downward through cracks and openings in floors and into the vadose 

zone. 

In each case, the diffusive transport of vapors may be overridden by advective transport, and 

the vapors may be transported in the vadose zone several hundred feet from the source of 

contamination with little attenuation in concentration. 

The previously mentioned assumptions and warnings involving attenuation factors are for 

generic chemicals and do generally apply to radon; however, there are additional 

consderations for radon entry dynamics. It is recommended that users of this calculator 

consider all these factors and the ones that are listed below. The concentration of radon in a 

building depends on: 

1. Source of radon and its strength 

2. Transport of radon 

o Pathways 

■ Soil - high soil porosity or utility trenches, etc. 

■ Building Shell - joints, cracks, earthen areas, utility penetrations, etc. in the foundation 

o Driving forces that pull or push radon towards the building and inside the building. 

■ air pressure differences 

■ diffusion 

■ emanation 

■ well water 

■ environmental effects (e.g. , frost or saturated upper soil horizon, rain, pavement 

around buildings can "cap" the soil) 

3. Ventilation rate of building 

Radon concentration are influenced by the complex interaction of: 

1. Local geology 

2. Soil 

o Parent isotope content 

o Moisture content 
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o Temperature difference 

o Permeability 

o Water table fluctuation 

3. Climate and meteorological factors 

o Season 

o Barometric pressure changes 

o Precipitation (e.g. rate, amount) 

o Wind speed and direction 

o Snow cover or soil saturation 

o Temperature inversions 

4. Building characteristics 

o Pressure differences 

o Heating systems 

o Ventilation 

o Water source 

o Building materials 

5. Occupant Activities 

o Window opening 

o Fireplace and wood stove use 

1.2 RVISL Outputs 

This calculator only offers one output option, whereas other EPA risk and dose calculators 

offer three options. 

• Assumes secular equilibrium throughout chain (no decay) 

• Does not assume secular equilibrium, provide results for progeny throughout chain 

• Does not assume secular equilibrium, provides results for selected isotopes only 

The RVISL output is based on an equilibrium relationship of the three parent isotopes to their 

progeny. In the case of Rn-222, this means the progeny prior to Pb-210; for Rn-220 and Rn-

219, all progeny are included. This equilibrium relationship, which is based on air exchange 

rates within the structure, is dubbed the activity equilibrium fraction (Aeq) and is discussed in 

greater detail in section 4.3. 

The calculator output is organized by radon parent. Each radon parent has its own output 

section. The first row for each radon parent section is a total of the progeny and parent 

fractional contribution. Radon-219 is first followed by radon-220 and Rn-222. 
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where: 

n = number of short-lived progeny in the decay series: 

RVISL = RVISL for isotope in decay chain; 

A = activity equilibrium factor for isotope. 
eq 

The RVISL calculator gives the user the option to select either a risk or a dose-based 

calculation. The risk and dose-based outputs are given in pCi, unless the user elects Bq. 

The RVISL calculator has an option to include the results in working levels (Wls) for 

comparison to the UMTRCA standards in addition to results based on volume (pCi/m3 or 

pCi/L). The calculator gives the contribution of each short-lived isotope (parent and progeny) to 

the total RVISL. When Wls are included in the output, only the parent activity is converted to a 

WL, and the total RVISL value derived for the whole chain is not used for the WL conversion 

despite the WL value being displayed in the top row for the chain. For more information on the 

short-lived progeny included in each RVISL calculation and WL conversions, see section 1.8. 

1.3 Slope Factors (SFs) and Dose Conversion Factors (DCFs) 

EPA classifies all radionuclides as Group A carcinogens ("carcinogenic to humans"). Group A 

classification is used only when there is sufficient evidence from epidemiologic studies to 

support a causal association between exposure to the agents and cancer. The following 

sections discuss the sources of inhalation and external exposure via submersion in gas cloud 

SFs and DCFs used in this calculator. 

1.3.1 Inhalation 

The Radon Cancer Risk Coefficients and Age-Specific Effective Dose Coefficients report from 

Oak Ridge National Laboratory lists inhalation cancer slope factors (SFs) (risk coefficients for 

total cancer morbidity) and dose coefficients (DCFs) for radionuclides in conventional units of 

picocuries (pCi). Inhalation SFs and DCFs are central estimates in a linear model of the age

averaged, lifetime attributable radiation cancer incidence (fatal and nonfatal cancer) risk or 

dose per unit of activity inhaled, expressed as risk/pCi or mrem/pCi, respectively. 
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The inhalation SFs and DCFs from the Radon Cancer Risk Coefficients and Age-Specific 

Effective Dose Coefficients report differ from the inhalation values presented in Health Effects 

Assessment Summary Tables (HEAST). The inhalation SFs and DCFs used in this calculator 

were calculated using ORNL's DCAL software in the manner of Federal Guidance Reports 

(FGR) 12 and 13. The coefficients tabulated here are for inhalation of individual rad ionuclides 

without accompanying progeny but include the contribution to dose of ingrowth of radioactive 

progeny in the body following intake of a parent radionuclide. This approach allows the user to 

derive effective dose estimates or cancer risk estimates for any known or hypothetical 

combination of radon and its short-lived progeny in air. This is essential for the fractional 

activity equilibrium factors derived in this calculator based on air exchange rates (see sections 

4.2 and 4.3.). Using SFs and DCFs calculated with the methods from HEAST and with the 

fractional activity equilibrium models in this calculator would result in overestimation of risk and 

dose. 

An alternative approach for assessing cancer risk associated with radon in homes is to use 

models that express rad iogenic lung cancer risk as a function of past exposure, such as those 

recommended in the National Research Council's report of the sixth Biological Effects of 

Ionizing Radiation (BEIR VI) report (1999) and the World Health Organization (WHO) 

Handbook (2009). The BEIR VI models and those described in the WHO Handbook do not 

require dose calculations and were derived by data analysis of epidemiological studies of lung 

cancer associated with exposure to radon. No recommendation is made here as to which 

approach is to be preferred for other purposes. The SFs derived in the ORNL report are used 

here to allow for more direct comparisons with the associated DCFs. 

The ORNL Radon report does not include inhalation risk or dose coefficients for Rn-219, 

because the short half-life creates a large uncertainty in the distribution of decays in the body. 

That large uncertainty is one reason why the International Commission on Radiological 

Protection (ICRP) generally does not provide inhalation or ingestion dose coefficients for such 

short-lived radionuclides. 

EPA currently provides guidance on inhalation risk assessment in RAGS Part E (Risk 

Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual, Part F, 

Supplemental Guidance for Inhalation Risk Assessment); however, this guidance only 

addresses chemicals. The development of inhalation slope factors for rad ionuclides differs 

from the guidance presented in RAGS Part F for development of inhalation unit risk (IUR) 

values for chemicals. 

1.3.2 Submersion 

The external exposure SFs and DCFs used in this calculator are taken from Calculation of 

Slope Factors and Dose Coefficients (ORNL 2014). The external SFs and DFCs were 

calculated using ORNL's DCAL software in the manner of Federal Guidance Report 12 and 13 

and differ from the values presented in HEAST. External exposure SFs and DCFs are central 

estimates of lifetime attributable radiation cancer incidence risk for each year of exposure to 

external radiation from photon-emitting radionuclides distributed uniformly in a gas cloud and 
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are expressed as risk/yr per pCi/m3 air or mrem/year per pCi/m3 air. When combined with site

specific media concentration data and appropriate exposure assumptions, SFs can be used to 

estimate lifetime cancer risks, and DCFs can be used to estimate annual dose to members of 

the general population due to rad ionuclide exposures 

1.4 Radon-specific Para1neters 

Several radon-specific parameters are needed for development of the RVISLs. 

1. Half-life , lambda (A), atomic number, and atomic weight are taken from ICRP 107. 

Isotope 
Half-life 

/\ (year-1) 
Atomic Atomic 

(year) Number Weight 

Rn-219 1.26E-07 5.52E+06 86 219.009 

Rn-220 1.76E-06 3.93E+05 86 220.011 

Rn-222 1.05E-02 6.62E+01 86 222.018 

2. Vapor Pressure (VP) (mmHg at 25°C) is taken from Table 11 - Vapor Pressure - Inorganic 

Compounds of the online version of Yaws' Critical Property Data for Chemical Engineers 

and Chemists, 2014. The value stated in the source is 12,620 mmHg at 25°C. The value is 

taken from a Q.!.Q1_of the Antoine Equation logP=A-(B/(T +C). 

3. Density (p) (g Rn/cm3 at 0 °C) is taken from CRC Handbook of Chemistry and Physics 67th 

Edition, pg. B-122. The value stated in the source is 9.73 g/L (No temperature is given but 

thought to be based on 0 °C). Density is used to calculate the water solubility, below. 

Converting to the required units is as follows: 

4. Water Solubility (S) (mg/L at 25°C) is taken from CRC Handbook of Chemistry and Physics 

67th Edition, pg. B-122. The value stated in the source is 22.4 cm3Rn/100 cm3 H20 at 

25°C. Converting to the required units is as follows, assuming 1 cm3 = 1 ml: 

(
2220 mg Rn gas/ ) = [ (22.4 cm3 Rn/ ) x (10JO ml H,o I ),(1 Lgas/ )x (1 moll ) , (222.□18 g Rn/ ) x (100J mg H,o /\) 

/ LH,O /1□□ cm3 H,O /1 LH,O /1 000 ml gas ;n:u Lgas /mol / g) 

5. Henry's Law Constant (HLC) (atm-m3/mole at 25°C) is taken from Atmos Chem Phys , 15, 

2015, pg. 4418. The value of 9.3E-05 mol/m3Pa at 25°C is selected as the largest of six 

values presented. Converting to the required units is as follows: 
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6. Unitless Henry's Law Constant (H') (unitless at 25°C). The value is derived from 0.106 atm

m3 /mol I 0.02446 = 4.34. The conversion factor, 0.02446 is calculated by multiplying the 

universal gas constant, 8.0257338E-05 atm-m3/mol K, by the temperature 298.16 K. 

7. Critical Temperature (Tc) (K)is taken from CRC Handbook of Chemistry and Physics online 

version. The value reported is 104 °C, which is 377.15 K. 

8. Boiling Point (Tb) (K) is taken from CRC Handbook of Chemistry and Physics online 

version. The value reported is -67.7 °C, which is 21 1 .45 K. 

9. Lower Explosive Limit (LEL) (% by volume). Radon is an inert gas and the LEL is not of 

concern as it would be for chemicals. 

10. Enthalpy of vaporization at the normal boiling point (cal/mol) is taken from Yaw's 

Thermophysical Properties of Chemicals and Hydrocarbons Table 63. Enthalpy of 

Vaporization at Boiling Point - Inorganic Compounds (Electronic Edition). The reported 

value is 18.098 kJ/mol. Converting to the required units is as follows: 

(4326 ca1/mo i)= ((18 098 Ymoi)x (1000 J/4)x(1 ca¼_ 184 J)) 

1.5 Understanding Risk Output on the RVISL Website 

The RVISL calculator provides an option to select risk output. In the calculator, select "yes" if 

risk output is desired. Selecting risk output requ ires the calculator to be run in "Site Specific" 

mode. The risk values presented on this site are radionuclide-specific values for Radon 

contaminants in air that may warrant further investigation or site cleanup. 

1.5.1 General Considerations for the Risk Output 

This portion of the risk assessment process is generally referred to as "Risk 

Characterization". This step incorporates the outcome of the exposure and toxicity 

assessments to calculate the risk resulting from potential exposure to radionuclides 

via the pathways and routes of exposure determined appropriate for the source area. 

Risk is calculated in this tool using the following equation. 

The basic equation for calculating excess lifetime cancer risk is: 

Risk = COi x SF x Aeq 

where: 
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Risk = a unitless probability of an individual developing cancer over a lifetime; 

CDI = chronic daily intake or dose [pCi or pCi-year/m3] 

SF = slope factor, expressed in [risk/pCi or risk/year per pCi/m3] 

Aeq = Activity Equilibrium Factor of individual isotope (See Section 4.3) 

The risk results are color coded to identify risk ranges and potential radionuclides of 

concern. The colors and the associated risk ranges are presented in the table below. 

Excess Lifetime Cancer Risk 

Risk Range Risk < 0.000001 Risk > 0.000001 Risk > 0.0001 

Color Code No shading Yellow Red 

1.5.2 One-Hit Rule 

The linear risk equation, listed above, is valid only at low risk levels (below estimated 

risks of 0.01 ). For sites where radiological exposure might be high (estimated risks 

above 0.01 ), an alternate calculation should be used. The one-hit equation, which is 

consistent with the linear low-dose model, should be used instead (RAGS, part A ch . 

.8.). The results presented on the preliminary remediation goal (PRG) calculator use 

this rule. In the following instances, the one-hit rule is used independently in the risk 

output tables: 

• Risk from a single exposure route for a single radionuclide. 

• Summation of single rad ionuclide risk (without one-hit rule applied to single 

rad ionuclide results) for multiple exposure routes (right of each row). 

• Summation of risk (without one-hit rule applied to single radionuclide results) from a 

single exposure route for multiple radionuclides (bottom of each column). 

• Summation of total risk (without one-hit rule applied to single radionuclide results or 

summations listed above) from multiple radionuclides across multiple exposure 

routes (bottom right hand cell). 

1.6 Understanding Dose Output on the RVISL Website 

This portion of the risk assessment process is generally referred to as "Dose Characterization". 

This step incorporates the outcome of the exposure and toxicity assessments to calculate the 

dose resulting from potential exposure to rad ionuclides via the pathways and routes of 

exposure determined appropriate for the source area. Dose is calculated in this tool using the 

following equation: 

Dose = CDI x DCF x Aeq 
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where: 

Dose = The energy absorbed from radiation by a person (mrem/year) 

COi = Chronic Daily Intake or Dose [pCi/year or pCi/m3] 

DCF = Dose Conversion Factor [mrem/pCi or mrem/year per pCi/m3] 

Aeq = Activity Equilibrium Factor of individual isotope 

1. 7 Co1nparison to State and UMTRCA Standards 

The calculator presents the option to compare the indoor air concentration, entered by the user 

or derived from groundwater or soil gas activities, to state standards or Uranium Mill Tailings 

Radiation Control Act (UMTRCA) standards that may be potential ARARs. The state standards 

are likely only for Rn-222. A preset value of 4 pCi/L of air is given, as it is the most common 

pCi/L value used in state standards. For the UMTRCA comparison option, a preset value of 

0.02 working levels (WL) is given for Rn-222 and Rn-220. Alternative values can be entered for 

either of these standards on the first page of the calculator. For more information on evaluation 

of radon working levels, see section 1.8. 

1.8 Understanding Working Levels (WL) 

The term Working Level (WL) refers to the activity of the progeny present in air from a specific 

radon parent (i.e., radon, thoron, or actinon). Specifically, Wls do not include the contribution 

from the parent. According to the EPA's code of federal regulations 40 CFR 192.1 1, "a working 

level (WL) means any combination of short-lived radon decay products in one liter of air that 

will result in the ultimate emission of alpha particles with a total energy of 130 billion electron 

volts." In the case of Rn-222, this means the progeny prior to Pb-210; for Rn-220 and Rn-219, 

all progeny are included. U.S. EPA 1989 (RAGS Part A), the National Institute of Occupational 

Safety and Health (NIOSH)(Dose Conversion Factors for Radon WLM), the National Council 

on Radiation Protection and Measurements (NCRP) Report No 97, and The Department of 

Energy (DOE-STD-1 121-2008) agree with the definition and/or offer equivalent values in units 

of pCi/L. At 100% equilibrium, one WL is equal to 100pCi/L of Rn-222, 7.5 pCi/L of Rn-220, 

and 162 pCi/L of Rn-219. While this is a significant difference in the gas concentrations, by 

definition of the working level , the decay products will ultimately emit the same amount of alpha 

energy. This, however, does not lead to the same lung dose. This is caused largely by the 

difference in the half-lives of the decay products. Since Rn-220 products have longer half-lives, 

the body has longer to transport the activity from one compartment to another and thus deliver 

dose to different areas of the lung. Since the working level is an air concentration, it is 

analogous to an exposure rate. To describe exposure, the unit working level month (WLM) is 

also used. A WLM is the exposure equivalent to breathing one WL for 170 hours (one working 

month). The NRC in CFR 20 1003 and NIOSH in Dose Conversion Factors for Radon WLM 

identify the individual progeny that are included as "short-lived" daughters. Some of the 

extremely short-lived daughters are explicitly excluded in WL calculations because they would 

represent a very small number of atoms inhaled and add computational time without gaining 

significant precision gains. For this calculator, all short-lived progeny are considered for 

completeness because of modern computing advances. See details in sections 4.2 and 4.3 of 
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this user's guide to see how the inhalation fractional equilibrium (F eq) and activity equilibrium 

factor (,¾q) values were calculated for short-lived progeny. 

"Properties and behaviour of radon and thoron and their decay products in the air" (J. 

Porstendorfer, Journal of Aerosol Science, Vol 25:2, March 1994, pg 219-263) further supports 

the WL defin ition and conversion to pCi/L and offers insight on the consideration of radon 

daughter aerosols formation and deposition on surfaces. "Measurement of Equilibrium Factor 

'F eq' between Radon and its Progeny and Thoron and its Progeny in the Indoor Atmosphere 

Using Nuclear Track Detectors" (R. Ramola, Indoor and Built Environment, Vol12:351-355, 

2003) discusses the air exchange rate impact on radon progeny plating on surfaces and 

impacting the measured equilibrium in air. These papers present many of the difficulties in 

predicting and measuring Feq values due to seasonal atmospheric changes, building 

construction, surface plating, aerosol sizes, regional geology, air flow, etc. The F eq is important 

to establish for determining compliance with WL ARARs, such as the UMTRCA standards 

described in section 1.7 of this user's guide. Previous EPA guidance on complying with the 

UMTRCA standard as an ARAR at CERCLA sites assumed a Feq of 0.4 (40%) for Rn-222 and 

0.02 (2%) for Rn-220. These Feq values, which when applied to the 0.02 WL ARAR equate to 5 

pCi/L of Rn-222 or 7.5 pCi/L of Rn-220, were to be used to demonstrate compliance with the 

UMTRCA standard. Rn-219 does not have an UMTRCA standard. EPA's new guidance for 

ARAR compliance is to use this calculator w ith either default or site/building-specific air 

exchange rates to determine radon/thoron levels that comply w ith the 0.02 WL ARAR. 

For more information on evaluation of radon working levels, see question 17 in the Radiation 

Risk Assessment At CERCLA Sites: Q&A and question 7 in the Frequent Questions page on 

this site. Note that the RVISL calculator provides updated guidance developing screening 

levels (Sl s) or preliminary remediation goals (PRGs) for showing compliance with the 

UMTRCA indoor radon standards for radon-222 and radon-220. The RVISL therefore 

supersedes the approach for determining WL in question 17 of the guidance document 

"Radiation Risk Assessment At CERCLA Sites: Q & A" issued on May 2014. 

The following equation demostrates the conversion of the default Rn-222 RVISL in pCi/L to a 

WL while correcting for the F eq differences between the conversion and calculated values. The 

F eq in the conversion assumes 100% equilibrium (F eq=1 ), and the F eq for the RVISL is 

calculated based on the air exchange rate used. 

W L ( 5 ) Ci ( -3 ·] [ Feq (0.88) x 1 WL l 
RVISL 2.39 x 10- WL = RVISLP 2·

72 
x 

10 
pCI x ( 100 pCi ) 

Rn-222 Rn-222 L L 

1.9 Proble111s Predicting the Activity of Radiu111, Thorhnn and Actiniu111 
based on Radon, Thoron, and Actinon RVISLs 

Ra-226, Th-232, and Ac-227 are the namesakes and the long-lived near chain member 

sources of Rn-222, Rn-220, and Rn-219, respectively. In an ideal setting, the amount of solid 

https://epa-visl.oml.gov :8085/radionuclides/rvisl_guide html[ 4/14/2020 11 :24: 13 AM] 



RVISL User's Guide 

source is directly related to the amount of gas product via the fractional decay of the parent. 

Ra-226 and Th-232 have a straight decay chain to Rn-222 and Rn-220, respectively. Ac-227 

decay to Rn-219 is a branched decay chain; 98.6% of Ac-227 decays to Rn-219. Predicting the 

amount of radon gas available for vapor intrusion in the natural environment, however, is not 

an ideal setting. Several factors make it impossible for this calculator to confidently predict 

su itable default radon, thoron, and actinon target indoor air concentrations from subsurface 

(soil and groundwater) rad ium, thorium, and actinium concentrations. The IAEA has published 

Technical Report Series No. 474, Measurement and Calculation of Radon Releases from 

NORM Residues, that addresses many of these difficult ies. 

The newly formed radon atom must first escape from the ore material to the interstitial space 

between grains. This emanation happens when the recoil energy is sufficient for the radon 

atom to break from the ore grains. Once in the interstitial space, the radon must be able to be 

transported to the surface via diffusion and advective flow. Depending on the distance to the 

surface and media properties, the relatively short-lived radon may decay before exhalation to 

the atmosphere. Most recoiling atoms do not make it out of the ore material into the interstitial 

space and, because of the very small diffusion coefficient through dense minerals, even less 

atoms are likely to be exhaled to the atmosphere. 

Detailed modeling of the subsurface environment may be possible to estimate the amount of a 

solid source that results in gaseous exhalation. One such model is the NORM And LegacY Site 

Assessment (NORMAL YSA) software. This software is able to simulate transport from a 

source medium through clean cover layers to the surface. The User's Manual details how 

NORMAL YSA employs emanation, diffusion, and exhalation to predict radon air 

concentrations. Chapters 2 and 4 of TRS No. 474 present details on emanation coefficient 

determination that may be useful for site-specific analysis. 

2. Radon Vapor Intrusion Screening Level Equations 
This section presents the screening levels for human exposure to contaminated air. The equations and technical 

discussion are aimed at developing compliance levels for risk-based and dose-based RVISLs. The following text 

presents the land use equations and their exposure routes. Table 1 (section 5 of the User's Guide) presents the 

definitions of the variables and their default values. The default values are selected to represent the reasonably 

maximum exposed (RME) individual and generally represent the upper bounds of exposure. The default values 

and exposure models are consistent with the Chemical Vapor Intrusion Screening Level (VISL) calculator if the 

same pathways are addressed (e.g., inhalation) and are analogous if pathways are similar (e.g., external 

exposure). This calculator and the ~ both follow the recommendations in the OSWER Directive concerning 

use of exposure parameters from the 2011 Exposure Factors Handbook. Any alternative values or assumptions 

used in remedy evaluation or selection on a CERCLA site should be presented with supporting rationale in 

Administrative Records. 

2.1 Air Screening Level Equations 

The user can select risk-based or dose-based equations and either a resident or worker receptor. The 
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RVISL conversion to working levels (Wls) is also presented in the following sections. 

2.1.1 Resident Air 

This receptor spends all of the day at home. The resident is assumed to be exposed to 

contaminants via the following pathways: inhalation of ambient air and external radiation from 

contaminants in ambient air. To take into account the different inhalation rates for children and 

adults, age-adjusted intake equations were developed to account for changes in intake as the 

receptor ages. 

Graphical Representation 

RESIDENT 

Risk-Based Vapor Intrusion Screening Level Equations 

These are the risk-based equations for determining the protective resident air 

concentrations. 

Inhalation 
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C . . (pCij ) = TR 
res-,a-mh / m3 SF. [ risk/ -) x If A . [161 000 m3) 

1 /pC, re s-adJ ' 

where: 

IFA d. (161 ,000 m3 ) = 
res-a i 

( ( ) ( ) ( 3)) EF 350 days x ED 6 ears) x ET 24 hours x ~ x IRA 10 m + 
res-c ye ar res-c< Y res-c day (24 hours) res-c day 

( ( ) ( ) ( ) ( 3)) EF 350 days ED 20 ET 24 hours 1 day IRA 20 m 
res-a ~ x res-a ( years) x res-a ~ x 24 hours x res-a ~ 

Submersion 
c (pCi/ )= -~~-------T_R ________ _ 

res-ia-sub / m3 SF iiskJyoar x EF. (350 day;) x (~) x ED (26 ears) x ET ( 24 hours) x (~) x GSF (1.0) 
sub pCi/m3 1es year 365 days res y res day 24 hours a 

Total 

where: C. (p%i ) = 
inh 3 

m 

£ [ 1( 1m· ) i=1 C P 1 

res-ia-i:h m 3 

eq 

where: 

n = the number of progeny in the decay series 

Total Working Level Conversion 

C (WL) = C 2.___!_ X CF ( C) 
res-ia-tot-wl res-ia-tot L WL 

CF WL (Rn-219) = [F(!:L:;L] 
where: 

F = radon equilibrium factor for the given parent . 
eq 

Dose-Based Vapor Intrusion Screening Level Equations 

These are the dose-based equations for determining the protective resident air 

concentrations. 
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Inhalation 

DL (mrem) 
C . . (pCij ) = year 

res-1 a-mh / m3 ( ) ( 6 195 3 ) DCF. mrem x IFA . ' m 
1 pCi res-adj year 

where: 

( 3) IFA . 6 ,195 m = 
res-adj year 

( ( ) ( ) ( ) ( 3) ) EF 350 days x ET 24 hours x ~ x IRA 10 m x AAF O 23 + 
res-c year res-c day 24 hours re s-c day res-c ( · ) 

( ( ) ( ) ( ) ( 3) ) EF 350 days x ET 24 hours x ~ x IRA 20 m x AAF O 77 
res-a year res-a day 24 hours res-a day res-a ( · ) 

where: 

(

ED (S years)) ( ED (20 years)) AAF (0.23) = res-c and: AAF (0 .77) = ~C-8~5•-a __ _ 
res-c ED (26 years) res- a ED (26 years) 

ras ras 

Submersion 

C (fl% ) = DL(:::~) 

res-ia-sub m3 DCF ( mrem/year) x EF ( 350 days) x (~) x ET ( 24 hours) x (~) x GSF (1.0) 
sub pCi/m3 res year 365 days res day 24 hours a 

Total 

where: C. (p/mi ) = ~---
1
---~ and: C (p/mi )= ~----

1
---~ 

inh 3 n 1 sub 3 n 1 
m :E ~---~--~ m :E ~----~-~~ 

i= 
1 

Cres-ia-inh (Pim 3) i=
1 

Cres-ia-sub (Pim 3) 

A A 
eq eq 

where: 
n = the number of progeny in the decay series 

Total Working Level Conversion 
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C (WL) = C 2.__.!. x CF ( C) 
res-ia-tot-wl res-ia-tot L W L 

where: 

CF WL (Rn-222) = [F(~a:L::J J 

CF WL (Rn-220) = [F(f :;~L l 
CF WL (Rn-219) = [F(!:L:;L] 
where 

F = radon equilibrium factor for the given parent. 
eq 

2.1.2 Worker Air 

This long-term receptor is a full time employee working on-site who spends 8 hours of the 

workday indoors. The indoor worker is assumed to be exposed to contaminants via the 

following pathways: inhalation of ambient air and external radiation from contaminants in 

ambient air. 

Graphical Representation 
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IN DOOR WORKER 

I-

I 

Risk-Based Vapor Intrusion Screening Level Equations 

These are the risk-based equations for determining the protective industrial air 
concentrations. 

Inhalation 

Cw-ia-inh (p%3) = TR 
60 m3 

SF. (risk/c·) x EF ( 250 days) x ED (25 years) x ET ( 8 hours) x (~) x IRA 
1 / p1 1 w year w w day 24 hours w day 

Submersion 

C w-ia-sub (P%3) = SF (risk/year) x EF (250 days) x (~) x E; R (25 ears) x ET (8 hours) x (~) x GSF (1.0) 
sub pCVm3 w year 365 days w y w day 24 hours a 

Total 

C w-ia-tot (Pim 3) = 1 

C pC1/m3 
inh / m 

where C. (p/4· ) = 
inh 3 m 

and: c (p/mi )= sub 3 m 

where: 
n = the number of progeny in the decay series 

https://epa-visl.oml.gov:8085/radionuclides/rvisl_guide html[ 4/14/2020 11 :24: 13 AM] 



RVISL User's Guide 

Total Working Level Conversion 

C (WL) = C ~ X CF ( C) 
W-ia- tot-wl W-ia-tot L WL 

where: 

CF WL (Rn- 222) = [F(~a:L::J J 

CF WL (Rn-220) = [F(f :;~L l 
CF WL (Rn-219) = [F(!:L:;L] 
where: 

F = radon equilibrium factor for the given parent. 
eq 

Dose-Based Vapor Intrusion Screening Level Equations 

These are the dose-based equations for determining the protective industrial air 

concentrations. 

Inhalation 

DL(~) 
Cw-ia-inh (p%3) = ( ) ( ) (year ) ( ) 

DCF. mrem x EF 250 days x ET 8 hours x 1 day x IRA 
1 pC1 w year w da y 24 hours w 

Submersion 

DL( mrem) 

60 m3 

da y 

C (pCi/ ) = year 

w-ia-sub / m3 DCF ( mrem/year) x EF (250 days) x ( ~ ) x ET (8 hours) x (~) x GSF (1.0) 
sub pCi/m3 w year 365 days w da y 24 hours a 

Total 
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where: C. (p/mi ) = mh 3 m 
and: C (p/mi )= sub 3 m 

where 

n = the number of progeny in the decay series 

Total Working Level Conversion 

C (WU = C ~ X CF ( C) 
W-ia- tot-wl W-ia-tot L WL 

where: 

CF WL (Rn-222) = [F(~o:L::J J 

CF WL (Rn-220) = [F(i :;~L l 
CF WL (Rn-219) = [F(!:L:;L] 
where: 

F = radon equilibrium factor for the given parent. 
eq 

2.2 Groundwater Screening Level Equation 

This equation is used to determine the groundwater concentration protective of exposure to 

indoor air. The equation uses a groundwater attenuation factor and H'. For a groundwater 

source, a chemical is considered sufficiently volatile and toxic to pose an inhalation risk 

through vapor intrusion if the vapor concentration (calculated using the chemical's Henry's Law 

Constant at the groundwater temperature) corresponding to the chemical's solubility limit in 

water is greater than the target indoor air concentration. The groundwater attenuation factor is 

not considered in this comparison, although it is considered in the subsequent calculation of 

the target groundwater concentration. The target groundwater concentration corresponding to 

a chemical's target indoor air concentration is calculated by dividing the target indoor air 

concentration by an attenuation factor of 0.001 and then converting the vapor concentration to 
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an equivalent groundwater concentration, assuming equilibrium between the aqueous and 

vapor phases at the water table. The equilibrium partitioning is assumed to obey Henry's Law. 

The groundwater attenuation factor and the soil gas attenuation factors are never combined in 

this calculator. 

2.3 Soil Gas Screening Level Equation 

This equation is used to determine the soil gas concentration protective of exposure to indoor 

air. The soil gas attenuation factor used in the calculations is 0.03, which is the generic 

attenuation factor used for sub-slab gas in the 2002 draft vapor intrusion guidance. This 

attenuation factor is used for all soil gas data, as additional information collected after 

development of the 2002 draft vapor intrusion guidance (EPA 2002) suggests that external soil 

gas samples need to be evaluated as conservatively as sub-slab gas samples (EPA 201 0). 

The groundwater attenuation factor and the soil gas attenuation factors are never combined in 

this calculator. 

Ci,a'Target(P%3) 

AFss 

2.4 Vapor Intrusion Screening Level Supporting Equations 

Chemicals must be sufficiently volatile and toxic to pose inhalation risk via vapor intrusion from 

soil and groundwater sources. This is determined by calculating the chemicals pure phase 

vapor concentration and the groundwater vapor concentration. The soil gas vapor 

concentration and the groundwater vapor concentration must be greater than the air screening 

level to determine a VISL. No equations are neccessary for radon as they would be for other 

chemicals. 

• Pure Phase Vapor Pressure 

Radon and Thoron are considered sufficiently volatile and toxic to pose inhalation and external 

exposure risk via vapor intrusion from a soil source. 

• Groundwater Vapor Concentration 

Radon and Thoron are considered sufficiently volatile and toxic to pose inhalation and external 

exposure risk via vapor intrusion from a groundwater source. 
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3. Indoor Air Concentration, Cancer Risk, and Dose 
Calculation Equations 
This section presents the equations used to calculate the indoor air concentration, cancer risk, and dose from the 

user-provided soil gas and/or groundwater concentration. The equations and technical discussion are aimed at 

developing compliance levels for risk-based and dose-based RVISLs. The following text presents the land use 

equations and their exposure routes. Table 1 (section 5 of the User's Guide) presents the definitions of the 

variables and their default values. The default values are selected to represent the reasonably maximum 

exposed (RME) individual and generally represent the upper bounds of exposure. The default values and 

exposure models are consistent with the Chemical Vapor Intrusion Screening Level (VISL) calculator if the same 

pathways are addressed (e.g., inhalation) and are analogous if pathways are similar (e.g., external exposure). 

This calculator and the VISL both follow the recommendations in the OSWER Directive concerning use of 

exposure parameters from the 2011 Exposure Factors Handbook. Any alternative values or assumptions used in 

remedy evaluation or selection on a CERCLA site should be presented with supporting rationale in 

Administrative Records. 

3.1 Indoor Air Concentration Derived fro1n Soil Gas Concentration 
Equation 

This section presents the equation used to calculate the indoor air concentration from the user

provided soil gas concentration. 

3.2 Indoor Air Concentration Derived fro111 Groundwater Concentration 
Equation 

This section presents the equation used to calculate the indoor air concentration from the user

provided groundwater concentration. 

c. (pCij J = C (pCi/J x AF x (1000 L/ ) x H' 
1,a / m3 water IL gw / m3 gw 

3.3 Calculation of Cancer Risk and Dose fro1n Indoor Air Concentrations 

This section presents the chronic daily intake equations used to calculate the cancer risk and dose from 

indoor air concentrations. 

3.3.1 Risk-Based CDI Equations 
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3.3.1.1 Excess Lifetime Cancer Risk 

ELCR101 = ELCRinh + ELCRsub 

where: 

ELCR- h= ~ [ co 1(pCi) x SF (risk/c·) x A J 
In . 

1 
I / pp I eq . 

F I 

and: 

ELCR = ~ [coi ( pCi-yea% J x SF [ risk/year] 
sub . 1 m3 sub C .1 3 

1= p Im 

where: 

i = th e number of progeny in the decay se ries 

3.3.1.2 Resident Air 

Inhalation 

CDlres-ia-ra d- inh (pCi) = Ci.a ( p%3) x IFAres-a dj (161 .OOO m
3

) 

where: 

xA ] eq 
i 

IFA d. (1s 1poo m3 )= 
( ( ) ( ) ( ) ( 

3 ) ) 
EF 350 days ED 6 ET 24 hours 1 day IRA 10 m 

res-c ~ x res-c( years) x res-c ~ x 24hours x res-c ~ + 

res-a i 

( ( ) ( ) ( ) ( 3)) EF 350 days ED 20 ET 24 ho urs 1 day IRA 20 m 
res-a ~ x res-a ( yea rs) x re s-a ~ x 24 hours x re s-a day° 

Submersion 

COi . (pCi-yeor / ) = C ( pC i/ ) ' EF (350 da ys) x (~) • ED (26 eors) • Er (2A hours) x (....:!....!!..:) • GSF (1 0) 
res-1a-rad-sub-nodeca}' / m3 1,a ~ / m3 res yea1 365 da}'s r·es Y res da}1 24 hours a · 

3.3.1.2 Worker Air 

Inhalation 

COi . . (pCi) = C. (pCi/ ) x EF (250 days ) x ED (25 ears) x ET (8 hours ) x (~ ) x IRA (SO m3
) 

w-,a-rad-mh 1,a / m3 w year w y w da y 24 hours w day 

Submersion 

COi . (pCi-yeo r / ) = C. (pCi/ ) x EF (250 days) x [~) x ED (25 ears) x ET (8 hours) x ( ~ ) x GSF (1 □ ) 
w-1a-rad-sub / m3 1,a / m3 w ~ear 365 day w y w dav 24 hours a · 

3.3.2 Dose-Based CDI Equations 

3.3.2.1 Annual Dose 
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Dosetot (mrem) = Doseinh (m rem) +Dosesub (mrem) 
year year year 

where: 

Dose. h (mrem)= ~ [ col (pCi/ ) x DCf. (mremJ x A ) 
in year i=1 /year , pC1 eq i 

and: 

Dose (mrem)= ~ [col (pc/4· ) x DCF [mrem/year] 
sub year . 1 3 sub c ·i 3 F m p 1m 

xA] eq 
I 

where: 
i = the numbe r of progeny in the dee a y series 

3.3.2.2 Resident Air 

Inhalation 

COi ( pCi/ ) = C ( pCi/ ) IFA (6 ,1 95 m
3

) 
res-ia-inh / year i,a / m3 x res-adj year 

where: 

IFA 6 ,1 95 m = ( 3) 
EF 350 days x ET 24 hours x ~ x IRA 10 m x AAF O 23 + ( ( ) ( ) ( ) ( 3) ) res-c year res-c day 24hours res-c day res-c ( · ) 

res-adj year 

( ( ) ( ) ( ) ( 3) ) EF 350 days x ET 24 hours x ~ x IRA 20 m x MF O 77 
res-a year res-a day 24 hours res-a day res-a ( · ) 

where: 

M F (0.23) = (EDres-c('6 years)) and: AAF (0.77) = (EDres-a(20 years)) 
res-c ED (26 years) res-a ED (26 years) 

ras ras 

Submersion 

COi . (pCi/ ) = C. ( pCi/ ) x EF (350 days) x (~) x ET (24 hours) x (~) x GSF (1.0) 
res-1a-sub / m3 I,a / m3 res year 365 days res da y 24 hours a 

3.3.2.2 Worker Air 

Inhalation 

COi (pCi/ ) = C (pCi/ ) E F (250 days) x ET (8 hours) x ( 1 day ) x IRA (6□ m3 J 
w-ia-inh /year i,a / m3 x w year w day 24 ho urs w day 

Submersion 

COi . (pCij ) = C. (pCi/ ) x EF ( 250 da ys) x ( 1 year ) x ET ( 8 hours) x ( 1 day ) x GSF (l .O) 
w-ia-sub / m3 1,a / m3 w year 365 da ys w day 24 hours a 

4. Modifications of Standard Equations 
These are the conversions for modifying standard equations. 
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4.1 Modifications of Groundwater Te1nperatures 

The following equations are used to calculate Henry's Law Constant at various groundwater 

temperatures: 

• To Determine Henry's Law Constant at a Groundwater Temperature other than 
25 Degrees Celsius 

exp -
H' = 

where: 

and : 

where: 

IF [ ; :] <0.57 , then : rJ = 03; 

IF [ ;: ] >0.71 , then : ri = 0 .4 1; 

R ( 8.205E-05 atm-m3 /mol-°K) xTw ( °K) 

IF0.57 <[~:]<071 , then ij= [074, [~:] -0116] 
• To Determine Henry's Law Constant at a Groundwater Temperature of 25 
Degrees Celsius 

H LC (atm-m3 I ) x (1000 L/ 3 ) 
H

25 
= /mo~ K / m 

R (B.205 E-05 L-atr%tol-K) x T (298 15 K) 

4.2 Air Exchange Rates and Inhalation Fractional Equilibrhun Factor (F eq) 

The indoor air concentration of radon and progeny is dependent upon the air exchange rate 

within a given volume. The air exchange rate, otherwise known as air changes per hour (ACH), 
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is defined as the ratio of airflow to the total volume of air. As an example, an ACH value of 0.18 

would mean that eighteen percent of a given volume of air is exchanged per hour. The air 

exchange rate is related to an important parameter known as the inhalation fractional 

equilibrium factor (F eq) for estimating the level of detriment from radon inhalation. F eq has been 

researched for radon and thoron in various dwellings for many years (Chen & Harley, 2018 

Parts l and 11). The F eq is a unitless measurement of the disequilibrium associated with the 

decay of radon and its subsequent progeny. The Feq is useful for calculating the internal dose 

from radon, since most of the dose received is not from the radon parent itself but rather the 

alpha energies emitted from its progeny. The total progeny alpha energy emitted at any air 

exchange rate is divided by the total progeny alpha energy emitted at a state of equilibrium 

where no air exchanges are taking place within a given volume of air. At equilibrium, the value 

of the F eq is equal to one; however, a F eq of one is seldom measured due to conditions 

described in Section 1.1 and deposition on surfaces. As the air exchange rate in a given 

volume increases, the fractional equilibrium factor decreases. The F eq is only used in the 

working level (WL) conversions presented in Sections 1.8, 2.1 , and 2,2. A more detailed 

explanation of the F eq derivation is presented in ORNL 2019. 

4.3 Air Exchange Rates and Activity Equilibrhun Factor (Aeq) 

The activity equilibrium factor (Aeq) is defined as the ratio of progeny to parent activity 

concentrations at a given air exchange rate. For a straight decay chain, at zero air exchanges, 

the (Aeq) is equal to one and decrease as the air exchange rate increases. However, an Aeq of 

one is seldom measured due to conditions described in Section 1.1 and deposition on 

surfaces. The activity equilibrium factor is utilized in the RVISL air equations to calculate risk 

and dose for inhalation and submersion. The initial risks and doses (analogous to PRGs) 

assume that the radon decay chain members are in equilibrium with each other w ithout any air 

exchanges present. Therefore, the activity equilibrium factors modify the initial risks and doses 

for inhalation and submersion by accounting for the disequilibrium between radon and its 

progeny due to decay and air exchanges that are present. A default value of 0.18 air 

exchanges per hour was selected for the resident land use, and a default value of 0.6 air 

exchanges per hour for the industrial worker land use was selected from the "Update for 

Chapter 19 of the Exposure Factors Handbook" (EPA, 2018) for resident (Table 19-25) and 

commercial (Table 19-30) buildings using the tenth percentile values, which means 90% of 

structures would have a higher air exchange rate and thus a lower level of progeny which 

would result in less risk, dose, and WL. Users that may want to determine the air exchange 

rate for a particular building to justify changing the default should refer to section 4.4 of the 

User Guide. A more detailed explanation of the Aeq derivation is presented in ORNL 2019. 

4.4 Measure111ent of Air Exchange Rates 

The ACH can be a building-specific measurement, to provide a more accurate air 

contamination exposure assessment. The ACH is the exchange rate of indoor air w ith outdoor 

air, an important determinant for entry of outdoor air contaminants and for removal of indoor

emitted air contaminants. There is no EPA guidance on recommended methods for 

determining ACH. Breen (2014) presents an overview and critical analysis of the scientific 
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literature on empirical and physical air exchange rate models for residential and commercial 

buildings, which are feasible for exposure assessments. Models are included for the three 

types of airflows that can occur across building envelopes: leakage, natural ventilation, and 

mechanical ventilation. The paper provides guidance for selecting the preferable air exchange 

rate model based on available data, desired temporal resolution, types of airflows, and types of 

buildings included in the exposure assessment. The US EPA Indoor Air Quality website also 

provides information on HVAC use in buildings. There are also more detailed papers on 

particular air exchange measurement approaches (i.e., by placing tubes that emit and collect 

perfluorocarbon tracers throughout a building). The measurement of air exchange rates can be 

done by placing tubes that emit and collect perfluorocarbon tracers throughout a building 

(CDC, 2018). Guidance on placement of the tubes can be found in "Research Operating 

Procedure 1 o for Placement of PEI Emitters and Collection Tubes in DEARS" (Thornburg, 

2005). 

5. Recommended Default Exposure Parameters 
Table 1 presents the definitions of the variables and their default values. The default values are selected to 

represent the reasonably maximum exposed (RME) individual and generally represent the upper bounds of 

exposure. The RVISL default values and exposure models are consistent with the chemical VISL calculator. The 

VISL and RVISL calculator default values are consistent where the same pathways are addressed. This 

calculator follows the recommendations in the OSWER Directive concerning use of exposure parameters from 

the 2011 Exposure Factors Handbook. Any alternative values or assumptions used in remedy evaluation or 

selection on a CERCLA site should be presented with supporting rationale in Administrative Records. 

Table 1. Reconunended Default Exposure Parameters 

Symbol 

Cres-ia-inh-decay 

Cres-ia-sub-decay 

Cres-ia-tot-decay 

Cres-ia-inh-nodecay 

Cres-ia-sub-

Definition (units) 

VISLs 

Resident Air Inhalation with Half-Life 

Decay (pCi/m3) 

Resident Air Submersion with Half-Life 

Decay (pCi-year/m3) 

Resident Air Total with Half-Life Decay 

(pCi/m3) 

Resident Air Inhalation without Half-Life 

Decay (pCi/m3) 

Resident Air Submersion without Half-
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Isotope-specific 

Reference 

Determined in this 

calculator 

Determined in this 

calculator 

Determined in this 

calculator 

Determined in this 

calculator 

Determined in this 



RVISL User's Guide 

nodecay Life Decay (pCi-year/m3) calculator 

Cres-ia-tot-nodecay 
Resident Air Total without Half-Life 

Isotope-specific 
Determined in this 

Decay (pCi/m3) calculator 

Cw-ia-inh-decay 
Worker Air Inhalation with Half-Life 

Isotope-specific 
Determined in this 

Decay (pCi/m3) calculator 

Cw-ia-sub-decay 
Worker Air Submersion with Half-Life 

Isotope-specific 
Determined in this 

Decay (pCi-year/m3) calculator 

Cw-ia-tot-decay 
Worker Air Total w ith Half-Life Decay 

Isotope-specific 
Determined in this 

(pCi/m3) calculator 

Cw-ia-inh-nodecay 
Worker Air Inhalation without Half-Life 

Isotope-specific 
Determined in this 

Decay (pCi/m3) calculator 

Cw-ia-sub-nodecay 
Worker Air Submersion without Half-Life 

Isotope-specific 
Determined in this 

Decay (pCi-year/m3) calculator 

Cw-ia-tot-nodecay 
Worker Air Total w ithout Half-Life Decay 

Isotope-specific 
Determined in this 

(pCi/m3) calculator 

Cgw Groundwater Screening Level (pCi/L) Isotope-Specific 
Determined in this 

calculator 

Csg Soil Gas Screening Level (pCi/m3) Isotope-Specific 
Determined in this 

calculator 

COis 

CDlres-ia-inh- Resident Air Inhalation with Half-Life 
Isotope-specific 

Determined in this 

decay Decay (pCi/m3) calculator 

CD I res-ia-sub- Resident Air Submersion with Half-Life 
Isotope-specific 

Determined in this 

decay Decay (pCi/m3) calculator 

CDlres-ia-inh- Resident Air Inhalation without Half-Life 
Isotope-specific 

Determined in this 

nodecay Decay (pCi/m3) calculator 

CD I res-ia-sub- Resident Air Submersion without Half-
Isotope-specific 

Determined in this 

nodecay Life Decay (pCi/m3) calculator 
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CD lw-ia-inh-decay 
Worker Air Inhalation with Half-Life 

Isotope-specific 
Determined in this 

Decay (pCi/m3) calculator 

CD lw-ia-sub-decay 
Worker Air Submersion with Half-Life 

Isotope-specific 
Determined in this 

Decay (pCi/m3) calculator 

CDlw-ia-inh- Worker Air Inhalation without Half-Life 
Isotope-specific 

Determined in this 

nodecay Decay (pCi/m3) calculator 

CD lw-ia-sub- Worker Air Submersion without Half-Life Determined in this 

Decay (pCi/m3) 
Isotope-specific 

calculator nodecay 

Toxicity Values 

SFi Slope Factor - inhalation (risk/pCi) Isotope-specific ORNL 2014 

Slope Factor - submersion (risk/year per 

SF sub 
pCi/cm3): For use in this tool , ORNL 

2014c units were converted to (risk/year 
Isotope-specific ORNL 2014 

per pCi/m3) 

DCFi 
Dose Conversion Factor - inhalation 

Isotope-specific ORNL 2014 
(mrem/pCi) 

Dose Conversion Factor - submersion 

DCFsub 
(mrem/year per pCi/cm3): For use in this 

Isotope-specific ORNL 2014 
tool, ORNL 2014c units were converted 

to (risk/year per pCi/m3) 

Miscellaneous Variables 

TCR Target Cancer Risk 1 X 10-6 Selected by user 

ACH Air Exchanges per Hour 
0.18 resident; EPA 2018 Table 19-

0.6 industrial 25 and Table 19-30 

Feq Radon Equilibrium Factor Isotope-Specific ORNL 2019 

Aeq Activity Equilibrium Factor Isotope-Specific ORNL 2019 

ELCR Excess Lifetime Cancer Risk Isotope-Specific 
Determined in this 

calculator 
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COi 

H v,gw 

H' 

HLC 

H'Tgw 

HLCT9w 

T 

Tgw 

Tc 

Tb 

n 

s 

Chronic Daily Intake 

Enthalpy of vaporization at the normal 

boiling point (cal/mol) 

Enthalpy of vaporization at temperature 

of groundwater(cal/mol) 

Dimensionless Henry's Law Constant at 

2 5°Celsius (unitless) 

Henry's Law Constant at 2 5°Celsius 

(atm-m3 per mole) 

Dimensionless Henry's Law Constant for 

Groundwater Temperatures other than 2 

5°Celsius 

Henry's Law Constant for Groundwater 

Temperatures other than 2 5°Celsius 

(atm-m3 per mole) 

Absolute Temperature (Kelvin) 

Groundwater Temperatures (Kelvin) 

Critical Temperatures (Kelvin) 

Normal Boiling Point (Kelvin) 

If (Tboil!Tcrit < 0.57) 

If (Tboil!Tcrit > 0.71 ) 

If (0.57 < T boil/T crit ~ 0.71 ) 

Water Solubility Limit (mg/L) 
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Isotope-Specific 

Isotope-Specific 

Isotope-Specific 

Isotope-Specific 

Isotope-Specific 

Isotope-Specific 

Isotope-Specific 

298.1 5 

Site-specific 

Isotope-Specific 

Isotope-Specific 

n = 0.3 

n = 0.41 

n = (0.74 X 

T boil/T crit -
0.116) 

Isotope-Specific 

Determined in this 

calculator 

See Radon-specific 

Parameters 

Determined in this 

calculator 

See Radon-specific 

Parameters 

See Radon-specific 

Parameters 

See Radon-specific 

Parameters 

See Radon-specific 

Parameters 

Equivalent to 2 

5°Celcius 

User-provided 

See Radon-specific 

Parameters 

See Radon-specific 

Parameters 

U.S. EPA Fact Sheet: 

Unitless exponent 

values used to 

detemine H v,gw 

See Radon-specific 

Parameters 
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R 
Universal Gas Constant (L-atm/mole-

degrees K) 
0.082057 U.S. EPA Fact Sheet 

RC 
Universal Gas Constant (cal/mole-

1.9872 U.S. EPA Fact Sheet 
degree K) 

MW Molecular Weight (g/mole) Isotope-Specific 
See Radon-specific 

Parameters 

AFss Attenuation Factor Sub-Slab (unitless) 0.03 U.S. EPA 2014 

AFgw 
Attenuation Factor Groundwater 

0.001 U.S. EPA 2014 
(unitless) 

Radon is an 

inert gas and the 

LEL Lower Explosive Limit (% by volume) 
LEL is not of See Radon-specific 

concern as it Parameters 

would be for 

chemicals. 

Cvp Pure Phase Vapor Concentration Isotope-Specific 
Determined in this 

calculator 

Target Groundwater Concentration 
Determined in this 

Cgw Isotope-Specific calculator or 
(pCi/L) 

Entered by user 

Determined in this 

Csg Target Soil Gas Concentration (pCi/m3) Isotope-Specific calculator or 

Entered by user 

Determined in this 
C· ,Target 

1,a Target Indoor Air Concentration (pCi/m3) Isotope-Specific calculator or 

Entered by user 

GSFa Gamma Shielding Factor - Air (unitless) 1 
Developed for Radon 

VISL Calculator 

Exposure Frequency, Exposure Duration, and Exposure Time Variables 

Resident Exposure Frequency U.S. EPA 1991a (pg. 
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EFres 
(days/year) 

350 
.1fil 

EFres-c 
Resident Exposure Frequency - child 

350 
U.S. EPA 1991a (pg. 

(days/year) .1fil 

EFres-a 
Resident Exposure Frequency - adult 

350 
U.S. EPA 1991a (pg. 

(days/year) .1fil 

EFw Worker Exposure Frequency (days/year) 250 
U.S. EPA 1991a (pg. 

.1fil 

EPA2011, Table 16-

108; 90th percentile 
EDres Resident Exposure Duration (year) 26 

for current residence 

time. 

EDres-c 
Resident Exposure Duration - child 

6 
U.S. EPA 1991a (pg. 

(year) .1fil 

EDres-a 
Resident Exposure Duration - adult 

20 
EDres (26 years) -

(year) EDres-c (6 years) 

EDw Worker Exposure Duration - (year) 25 
U.S. EPA 1991a (pg. 

.1fil 

ETres Resident Air Exposure Time (hours/day) 24 The whole day 

ETres-c 
Resident Air Exposure Time - child 

24 The whole day 
(hours/day) 

ET res-a 
Resident Air Exposure Time - adult 

24 The whole day 
(hours/day) 

ETw Worker Air Exposure Time (hours/day) 8 The work day 

IRAres-c Resident Inhalation Rate - child (m3/day) 10 
U.S. EPA 1991a (pg. 

.1fil 

IRAres-a 
Resident Inhalation Rate - adult 

20 
U.S. EPA 1991a (pg. 

(m3/day) .1fil 

Resident Age-Adjusted Inhalation 
Calculated using the 
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IF Ares 
Fraction (m3) 

Worker Inhalation Rate (m3/day; based 

on a rate of 2.5 m3/hour for 24 hours) 
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RYAN S. SCHIERMAN 

EXPERIENCE 
Wyoming Dept. of Environmental Quality Cheyenne WY 
Uranium Recovery Program Manager ENNR13 

July 2015- September 2020 

• 

• 

• 

• 
• 

• 

• 

• 

• 

Obtained a paiiial Agreement with the Nucleai· Regulato1y Commission (NRC) to become the 
38th Agreement State. Wyoming's Agreement was the first paiiial Agreement with the NRC for 
material solely at uranium recove1y operations. 
Completed Agreement with the NRC in 3.5 yeai·s, 2 yeai·s sooner than projected and 2.5 million 
dollai·s under budget. 
Represented Wyoming's interest on a national level as a representative of Organization of 
Agreement States and the Conference of Radiation Control Program Directors (CRCPD). 
Developed a fee strncture to collect an annual budget of 1.6 million dollai·s . 
Interacted with Wyoming legislative staff to pass statutory provisions for the program. Including 
developing NRC compatible regulations that were only applicable to uranium recovery. 
Interacted with Wyoming's Governor Staff on a wide variety of issues ranging from Wyoming's 
NRC Agreement to Interim Storage of Spent Nucleai· Fuel. 
Managed the Uranium Recove1y Program which consisted of 6 professional staff with broad 
technical backgrounds ranging from Health Physics to Geochemistry. 
Provided expe1iise and oversite for the licensing and compliance of the States 14 Uranium 
Recovery Source Material Licensees. 
Oversaw an efficiency review of the Depaiiment of Environmental Quality (DEQ) Land Quality 
Division using Lean Six Sigma p1inciples and developed an implementation plan for the 
recommendations. 

Uranium One, Americas Casper, WY June 2014 - July 2015 
Environmental Health and Safety Manager/Radiation Safety Officer 
• Oversaw and managed the Environmental Safety and Health Depaiiment at the mine site which 

consisted of 7 individuals. 
• Responsible for the occupational safety of employees at the mine site. 
• Ensured Uranium One was in compliance with NRC, The Depaiiment of Transpo1iation (DOT), 

and Wyoming DEQ requirements. 
• Assisted in the development of a Root Cause Analysis that analyzed upset conditions that lead to 

pressurization of a drnm of yellowcake. The infonnation found from the Root Cause analysis 
provided additional information to the NRC. The infonnation bolstered previous understandings 
of what was causing drnm pressurization across the industry and assisted in the prevention of 
such pressurizations industry wide. 

• Evaluated cleanup of historical contamination to ensure that it met regulato1y requirements and 
met an acceptable risk threshold. 

Uranerz Energy Corporation Casper, WY May 2013 - June 2014 
Radiation Safety Officer 
• Developed the Radiation Safety Program, including the NRC and DOT tr·aining, the radiation 

work pennit program, the bioassay program, dose assessment procedures, standard operating 
procedures, and establishing routine inspection requirements. 

• Developed cleanup standards for the site using radiological computer code (RESRAD). 
• Established administr·ative action levels for spill cleanup at the site. 



• Utilized, operated, and maintained instrnmentation necessaiy to meet requirements for 
contamination control. 

Environmental Monitoring Laboratory 
Research Assistant 

Pocatello, ID Sept 2011 - May 2013 

• Researched potential of honey as an environmental monitor of cesium deposition following 
Japan's Fukushima Daiichi accident. 

• Utilized, operated, and maintained 4 high purity gennanium, 2 gas flow propo1i ional, and 2 
liquid scintillation detectors to analyze environmental media samples. 

• Collaborated with Idaho's Depaiiment of Environmental Quality on the collection and analysis 
of air, water, and soil samples. 

Denison Mines Blanding, UT Jan 2011-July 2011 
Environmental Technician 
• Project lead in instituting company safety practices during groundwater nitrate plum exploration 
• Assisted in regulatory compliance by sampling over 80 wells on site on a routine bas is, and 

collection other environmental sainples such as surface water, vegetation, soil, and air. 

UMETCO Minerals Corporation 
Radiation Tech 

Gas Hills, WY April 2004-Aug 2005 (summers) 

• Assisted in implementation of the decommissioning plan by conducting gamma surveys of 
reposito1y cover material, collecting and prepai·ing soil samples for analysis, and perfonning the 
necessaiy contamination surveys of equipment for public access. 

EDUCATION 
• Idaho State University 

Masters in Health Physics 
(NRC Fellow) 

Pocatello, ID 

• Brigham Young University Provo, UT 
Bachelor of Science in Environmental Science 

Certification and Associations 

May2013 

Dec. 2010 

• Passed the American Board of Health Physics (ABHP) CHP Pait I Exam in 201 8 and will seat 
for Part II in 2020 

• Certified Uranium Recove1y Inspector and Program Manager (NRC IMC 1248 App H & I) 
• Nuclear Regulato1y Fellow at Idaho State University 
• Member of the Health Physics Society since 2011 
• Member of the Organization of Agreement States since 2015 
• Member of the Conference of Radiation Control Prograin Directors since 2015 
Training 
• Multi -Agency Radiation Survey and Site • RESRAD 

Investigation Manual (MARSSIM) • Advanced Health Physics 
• Health Physics for Uranium Recove1y • Environmental Monitoring 
• Root Cause Analysis • Environmental Risk Assessment 
• Characterization and Planning for • Inspection and Licensing Procedures 

Decommissioning 
• Transpo1iation of Radioactive Material 
• Visual Sampling Plan 
• MILDOS Area 
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Charge Questions (Schierman): 

 A. Homepage and Overall Website 

1. Is the website clearly organized, described, easy to navigate, and generally “user 
friendly” and appropriate for the target audience? If not, what do you recommend? 

• On the homepage the reviewer would include the purpose of the screening tool. The 
user’s guide, under the disclaimer has an appropriate statement that could be included in 
the homepage: 

“ Purpose of this guidance is to provide a radon vapor intrusion screening level (RVISL) 
calculation tool to assist risk assessors, remedial project managers, and others involved 
with risk assessment and decision-making at CERCLA sites in developing RVISLs or 
preliminary remediation goals for indoor radon-222, radon-220, and radon-219 that are 
risk or dose based and for showing compliance with the UMTRCA indoor radon 
standards for radon-222 and radon-220.”  

• The limitations of the calculator, as discussed under “Potential Problems and 
Limitations” as well as assumptions made by the calculator, should be more clearly 
identified as a bullet on the home page. The bullet could be listed as “Assumptions and 
Limitations.”  The reviewer understand that under the first paragraph of the user’s guide 
it states to read disclaimer first however, to prevent misuse of the calculator identifying 
the limitations and assumptions up front may deter misuse.   
 

• Additionally, it should be stressed on the home page that the recommendation contained 
in Section 3.4 “EPA would recommend, where possible, Regions use measurements of 
radon indoors rather than rely on the transport portions of the RVISL. In particular, 
testing of groundwater or soil gas is not required to demonstrate compliance with RVISL 
WL, risk, or dose targets.”   
 

• On the original homepage the reviewer recommends as done in other sections in the 
user’s guide a clarifying statement that screening levels are synonymous with preliminary 
remediation goals.  

2. Have the objectives of the RVISL calculator, as stated in the documentation, been met? If 
not, what do you recommend? 

• The objectives for the RVISL calculator, as stated in the user’s guide have been met as 
described. One item that may be prudent to discuss more in depth is the current shortfall 
and the need for the RVISL calculator. Discussing how the calculator closes this shortfall 
would be beneficial.  

3. Do you recommend any modifications to the Homepage graphic? 

• Developers may want to consider changing the graphic to state that the soil contains 
radium instead of radon. Radon is not attached to the soil particle. It is a nuance and may 
not be worth changing.  
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• The Graphical representation under Radon Vapor Intrusion Screening Level 
Equations/Air Screening Level Equations/Residential Air and Workers Air is misleading. 
Representing sources of radon as drums of waste may lead to misconceptions on sources 
of radon. I prefer the homepage graphic depiction of the source as solely soil containing 
radon (radium) or just a radiation symbol.  

4. Do you have any other recommendations to improve the usability of the website? 

• On the homepage the “Welcome” and “Introduction” seem to be a little verbose and 
could be consolidated into one section.  

• Generic Tables Bullet is not functional 

B. User’s Guide 

1. Does the User’s Guide adequately explain the concepts addressed by the calculator and 
its limitations? 

• The reviewer agrees that the guide adequately explained the concepts addressed by the 
calculator. The reviewer would recommend adding a bullet under “Radon Vapor 
Intrusion Screening Levels (RVISL) table” stating “Assumptions and Limitations” All 
assumptions and limitations should be clearly documented under this bullet.  
 

2. Are the assumptions clear and reasonable? If not, what do you recommend? 

• See response to B. User’s guide question 1.  

3. Are the sources and citations appropriate, and do they represent the current state of 
knowledge? If not, what do you recommend? 

• Additional resources for the author to consider: 
1. ICRP, 2014. Radiological Protection against Radon Exposure. ICRP Publication 

126. Ann. ICRP 43(3) 
2. ICRP, 2017. Occupational Intakes of Radionuclides Part 3. ICRP Publication 137. 

Ann. ICRP 46 (3/4) 
 
“While ICRP Publication 137 does not specifically address public exposures, it is 
intended that this same dose coefficient applies to exposures in homes.  
 

3. NCRP Report 97. Measurement of Radon and Radon Daughters in Air. 
4. NCRP Report 160. Ionizing Radiation Exposure of the Population of the United 

States. 2009. Radon Equilibrium factors.  

C. Frequent Questions 

1. Are the 11 questions clearly worded? If not, what do you recommend? 
• The questions are clearly worded, I have no further recommendations. 

 
2. Are the 11 responses clear, concise, and accurate? If not, what do you recommend? 

• I found no issues with the responses and they appeared to be accurate.  
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3. Are there other helpful questions and answers that should be added? If yes, please list the 

questions. 
• I would add the following question. 

 
Can I change a radon equilibrium factor or activity equilibrium factor to site specific 
data?.  
 
With an exchange rate of zero the radon equilibrium fraction is 1 to 1 or 100%. NCRP 
and other organizations have proposed other equilibrium factors. While I understand the 
equilibrium factor can be modified using air exchanges, the reviewer believes it would be 
good to clarify in the frequent question section how equilibrium can be changed.   

D. Calculator 

1. Are the results clearly explained and presented? If not, what do you recommend? 

• When selecting the target dose (mrem/yr) under the dose-based screening level type the 
default is 1 mrem. I am unsure where the 1 mrem/year comes from. In the supporting 
document Analysis of what Radiation Dose Limit is Protective of Human Health at 
CERCLA Sites (Including Review of Dose Limits in NRC Decommissioning Rule)  it 
states EPA has considered cancer risk from radiation in a number of different contexts, 
and has consistently concluded that levels of 15 mrem/yr. EDE (which equates to 
approximately a 3 x 10-4 cancer risk) or less are protective and achievable. Why not set 
the default to 15 mrem/yr? 

2. Are the results appropriately described and qualified (to the extent that they may be relied 
upon and defended)? If not, what do you recommend? 

• From the limited testing of the calculator, the results correspond with the equations 
described in the user’s guide. The question of whether they may be relied upon or 
defended is harder to answer. The calculator purpose from the reviewer’s understanding 
is to assist risk assessors, remedial project managers, and others to make decision at 
CERCLA sites in developing screening levels or preliminary remediation goals. As stated 
in the user’s guide “Predicting the amount of radon gas available for vapor intrusion in 
the natural environment, is not an ideal setting. Several factors make it impossible for this 
calculator to confidently predict suitable target indoor air concentrations from sources in 
soil and groundwater.” The reviewer agrees with the language in the user’s guide and 
there are such variabilities that make it hard for the calculator to be defensible. With 
measurement however, the results become much more defensible.    

3. Do the results provide defensible explanation of how they were derived, or are they the 
result of a “black box?” Do you recommend anything different?  

• I think the user’s guide adequately describes how the equations were derived.  

4. RVISL calculation of the equilibrium level (Feq) of radon progeny that would be present 
in indoor air is based on air exchange rate. Should other mechanisms (seasonal 
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atmospheric changes, building construction, surface plating, aerosol sizes, regional 
geology, air flow) be incorporated in the calculation?  

• Ultimately, there are many factors that influence radon concentrations indoors. 
Incorporating the above items may improve the estimate, however it would also introduce 
more uncertainty in the estimate. The answer to the question is whether the calculator as 
presented provides a conservative estimate of the radon air concentrations. As EPA 
implements the calculator and sets screening levels, it will be interesting to compare 
actual measurements with what was predicted to understand if more variables are needed 
in the calculation.  

5. Is there anything else you recommend for the calculator to improve it for its stated 
purpose? 

 

E. Anything Else? 

Is there anything else you would recommend to improve the RVISL calculator’s utility, 
accuracy, completeness, or supportability? 

 

• I think it is important to note that the calculator is a tool to assist decision making at 
CERCLA sites in developing screening levels. It is not a regulatory requirement or the 
only way to set screening levels. While the calculator is helpful, as stated by EPA in the 
documentation where possible regions should use measurements of radon indoors rather 
that rely on the transport potions of the calculator. Testing of groundwater or soil gas is 
not required to demonstrate compliance with RVISL, working levels, risk, or dose 
targets.  
 

• The calculator is to be used at CERCLA sites. However, the user’s guide and the 
calculator frequently refer back to UMTRCA applicable or relevant and appropriate 
requirements (ARAR). The reviewer understands that a few UMTRCA sites are also 
listed as CERCLA sites. Is the utility of the calculator comparing UMTRCA ARAR only 
for these UMTRCA sites listed as CERCLA?  Outside of UMTRCA, is there utility in 
comparing it back to these standards? Is it the intent of the developers that the calculator 
would be used outside of CERCLA facilities? These are items to consider that are not 
clear upon review of the calculator and the accompanying documentation.  

 



 

 

 

 

 

 

 

 

 

 

 

Carl Spreng 

Retired: Colorado Department of Public Health 
and Environment 



CARL SPRENG 
RESUME 

 
U.S. Department of Energy c/o Navarro Research & Engineering 
11035 Dover St., Ste. 600 
Westminster, CO 80021-5587 
 
DATES OF EMPLOYMENT: June 2020 – September 2020 
 
DUTIES: Provide expert technical services to produce a white paper on 
Residual Subsurface Radiological Contamination in the Central Operable Unit. 
________________________________________________________________ 
 
Colorado Department of Public Health & Environment 
Hazardous Materials and Waste Management Division 
4300 Cherry Creek Drive South, HMWMD-B2 
Denver, CO 80246-1530 
 
JOB TITLE:    Rocky Flats Project Coordinator 

(Environmental Protection Specialist III) 
 

DATES OF EMPLOYMENT: April 1992 – July 1993; May 1994 – July 2018 
 
DUTIES: Provide technical lead and staff authority for development, 
implementation, and oversight of corrective action involving radioactive and 
chemical contamination at RCRA facilities; advise and provide technical 
guidance to management and external agencies on these issues.  Assure and 
determine adequate treatment and environmental cleanup of hazardous waste 
facilities and contaminated sites by investigating, analyzing, and evaluating the 
chemistry, geology, hydrogeology, and geotechnical aspects of the sites. 
Evaluate laboratory analytical data, inspect facilities, oversee remediation 
activities and maintenance of work plans and permits.  Regularly meet with local 
governments and stakeholders, and participate in technical working groups and 
public participation forums. 
 
Team leader of several technical teams for the Interstate Technology and 
Regulatory Council (ITRC), a nation-wide organization of state environmental 
regulators and representatives of federal agencies, industry, academia, and local 
and tribal stakeholders: Radionuclides; Attenuation Processes for Metals and 
Radionuclides in Groundwater; Remediation Management of Complex Sites.   
________________________________________________________________ 
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RESUME (continued) 

 
Hart Publications, Inc. 
Denver, CO   
 
JOB TITLE:    Managing Editor 
 
DATES OF EMPLOYMENT: September 1990 – April 1992 
     August 1993 – May 1994 
 
DUTIES: Oversaw and managed two publications targeting the oil & gas 
industry; compilation and editing of data; accounting for sales; developing 
advertising; hiring and other personnel duties; supervised 6 professional 
employees. 
 
 
Spreng Geological Consulting 
Thornton, CO 
 
JOB TITLE:    Independent Consulting Geologist 
 
DATES OF EMPLOYMENT: January 1984 – April 1991 
 
DUTIES: Developed and managed exploration projects; well-site supervision 
of oil and gas wells; economic/property evaluations; taught hydrogeology course 
at Front Range Community College; conducted/supervised corrosion engineering 
projects (cathodic protection of tanks, pipelines, etc.). 
 
 
 
Berge Exploration, Inc. 
Denver,CO 
 
JOB TITLE:    Manager – Special Projects 
 
DATES OF EMPLOYMENT: November 1977 – December 1983 
 
DUTIES: Developed and managed exploration projects (oil & gas, oil shale, 
tar sands, uranium, coal, etc.); supervised field exploration projects in the 
western U.S. including U.S. Dept. of Energy NURE project (US DOE Report 
GJO-014(82)); developed project proposals; wrote reports; compiled data, maps, 
etc.; hired and supervised professional geologists. 
 



CARL SPRENG 
RESUME (continued) 

 
Occidental Oil Shale, Inc. (Occidental Petroleum, Inc.) 
Grand Junction, CO 
 
JOB TITLE:    Geologist 
 
DATES OF EMPLOYMENT: July – December 1975 
     April – August 1976 
 
DUTIES: Directed fracture mapping program; computer data processing; 
conducted sampling study of in-situ retort; measured geologic sections; 
hydrologic well logging. 
 
 
Seismograph Service Corporation 
Tulsa, OK 
 
JOB TITLE:    Electronics repairman; jug crew lead 
 
DATES OF EMPLOYMENT: April - August 1974 
 
DUTIES: Electronic instrumentation repairs; led geophone crew on seismic 
exploration project in western U.S. 
 
 
Petro-Nuclear, Ltd. (Consolidated Oil & Gas, Inc.) 
Denver, CO 
 
JOB TITLE:    Geological Field Assistant 
 
DATES OF EMPLOYMENT: June – August 1968 
 
DUTIES: Surveying, mapping, scintillometer surveys in support of uranium 
exploration in central Wyoming. 
 
 

EDUCATION 
Bachelor of Science – Geology  Brigham Young University (1975)  
Master of Science – Geology  Brigham Young University (1978) 
Post-graduate courses: 
   Geohydrology     University of Colorado 
   Geophysics    Colorado School of Mines 
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Charge Questions (Spreng): 

 A. Homepage and Overall Website 

1. Is the website clearly organized, described, easy to navigate, and generally “user 
friendly” and appropriate for the target audience? If not, what do you recommend? 

The website is clearly organized; it progresses from topic to topic generally in a logical 
sequence. The instructions and descriptions necessarily vary in detail, which likely 
matches the range of knowledge among the target audience(s).  

2. Have the objectives of the RVISL calculator, as stated in the documentation, been met? If 
not, what do you recommend? 

The calculator was created to develop PRGs or SLs that “predict potential human 
exposure from radon concentrations in indoor air”. It meets those objectives. 

3. Do you recommend any modifications to the Homepage graphic? 

The graphic adequately portrays the various vapor transport concepts. The source – the 
“soil containing radon” blob – looks like it may have been copied from a chemical spill 
figure. 

4. Do you have any other recommendations to improve the usability of the website? 

No. The instructions and information seem to fit the range of potential users. Links to the 
references cited also improve the usability of the website. 

B. User’s Guide 

1. Does the User’s Guide adequately explain the concepts addressed by the calculator and 
its limitations? 

Yes, the concepts are fully and clearly explained. The Guide describes uncertainties, 
assumptions and defaults, and the inherent problems with predicting air concentrations 
from subsurface sources. It also explains that it does not establish binding rules. 

2. Are the assumptions clear and reasonable? If not, what do you recommend? 

The assumptions are generally reasonable and clearly worded. Suggested revisions are 
shown in an attached file in the text edit/comment mode of Adobe Acrobat. 

3. Are the sources and citations appropriate, and do they represent the current state of 
knowledge? If not, what do you recommend? 

The sources and citations are appropriate and seem to be up to date. The only additional 
reference that I suggested was in Section 1.7 where it might be worth mentioning that 
EPA participates in the radon industry-led ANSI/AARST voluntary consensus-based 
standards (VCS) process: https://standards.aarst.org/ 
 



“EPA Guidance on the Use of Voluntary Consensus Standards for State Indoor Radon 
Grant Recipients.” https://www.epa.gov/sites/production/files/2019-
08/documents/august 2019 sirg vcs program guidance -epa402-b19-080.pdf 
 

 I have also noted in several places where links to documents do not open. 

C. Frequent Questions 

1. Are the 11 questions clearly worded? If not, what do you recommend? 
The questions are generally clearly worded. Suggested revisions are shown in an 
attached file in the text edit/comment mode of Adobe Acrobat. 
 

2. Are the 11 responses clear, concise, and accurate? If not, what do you recommend? 
The responses are generally clearly worded and accurate. Suggested revisions are shown 
in an attached file in the text edit/comment mode of Adobe Acrobat. 
 

3. Are there other helpful questions and answers that should be added? If yes, please list the 
questions. 

The list of questions/answers seems adequate. 

D. Calculator 

1. Are the results clearly explained and presented? If not, what do you recommend? 

   The calculator results are clearly displayed. A minor comment: The “time stamp” at the 
bottom of the output spreadsheet is Eastern Time. If the time is necessary for complete 
documentation of calculator runs, that should probably be noted. 

2. Are the results appropriately described and qualified (to the extent that they may be relied 
upon and defended)? If not, what do you recommend? 

Yes, the results are appropriately described and qualified. The Home Page and User’s 
Guide describe uncertainties and assumptions. 

3. Do the results provide defensible explanation of how they were derived, or are they the 
result of a “black box?” Do you recommend anything different?  

The best test of a calculator that tries to replicate natural phenomenon is whether it 
consistently produces reasonable results. Several “test runs” with various input 
parameters seem to produce reasonable results. 

4. RVISL calculation of the equilibrium level (Feq) of radon progeny that would be present 
in indoor air is based on air exchange rate. Should other mechanisms (seasonal 
atmospheric changes, building construction, surface plating, aerosol sizes, regional 
geology, air flow) be incorporated in the calculation?  

Section 1.1 states that several factors affecting the indoor Feq were omitted for 
“simplification”. It is assumed that the “other mechanisms” may also be minor enough 
that they, too, could be ignored. Section 1.8 mentions research that provides data on 



some of these mechanisms, but this research demonstrates how difficult it is to predict 
Feq values because of them. It is also assumed that additional research may someday 
allow the effects of some of these “other mechanisms” to be included in the calculator. 

5. Is there anything else you recommend for the calculator to improve it for its stated 
purpose? 

No - no additional recommendations beyond those in the comments in the attached files. 

E. Anything else? Is there anything else you would recommend to improve the RVISL 
calculator’s utility, accuracy, completeness, or supportability? 

 No - no additional recommendations beyond those in the comments in the attached files. 
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 1 

Figure caption: This figure depicts the migration of radon in soil gas from contaminated soil and groundwater 2 
into buildings. Radon in soil gas is shown to enter buildings through cracks in the foundation and openings for 3 
utility lines. Atmospheric conditions and building ventilation are shown to influence radon soil gas intrusion. 4 

Welcome 5 

Welcome to the "Radon Vapor Intrusion Screening Level (RVISL) Calculator Home Page for 6 
Radionuclide Contaminants at Superfund Sites". This website was developed with DOE's Oak 7 
Ridge National Laboratory (ORNL) under an Interagency Agreement with the U.S. Environmental 8 
Protection Agency (EPA). The RVISL website is now the generally recommended source of radon 9 
screening levels for all EPA regions. The RVISL calculator output provides comparison values and 10 
risk and dose estimates for residential and commercial/industrial exposures to radon in soil gas, 11 
air, and groundwater. Note that for Comprehensive Environmental Response, Compensation, and 12 
Liability Act (CERCLA) remedial actions, dose assessment is generally done only to show 13 
compliance with a dose-based Applicable or Relevant and Appropriate Requirement (ARAR). In 14 
addition, the calculator presents the option to compare the indoor air concentration, entered by 15 
the user or derived from groundwater or soil gas activities, to state standards or Uranium Mill 16 
Tailings Radiation Control Act (UMTRCA) standards, which also may be potential ARARs. The 17 
unified use of the RVISLs to screen radon at Superfund sites promotes national consistency. The 18 
RVISL uses the same database of toxicity values, chemical parameters, and inhalation exposure 19 
equations as the Preliminary Remediation Goals (PRGs) for Radionuclide Contaminants at 20 
Superfund Sites calculator. The RVISL calculator provides default parameters that can be 21 
modified to reflect site-specific risks. To ensure proper use of the calculator, please review 22 
the What's New, User's Guide, and Frequently Asked Questions links. The EPA has prepared a fact 23 
sheet for the general public that describes RVISL uses, RVISL calculator operation, and land uses 24 
available for assessment. Additionally, this fact sheet describes the RVISL content in greater detail 25 
for EPA staff. Below is a general description of screening levels for radon. If the calculator is used 26 
with non-default inputs in a decision on a Superfund site, it is recommended that the inputs be 27 
clearly identified and justified by the user. 28 

The RVISL calculator provides updated guidance for developing screening levels (SLs) or 29 
preliminary remediation goals (PRGs) for indoor radon-222, radon-220, and radon-219 that are 30 

water table 
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risk- or dose-based and for showing compliance with the UMTRCA indoor radon standards for 31 
radon-222 and radon-220. The RVISL, therefore, supersedes the risk assessment approach in 32 
Preliminary Remediation Goals for Radionuclides in Buildings (BPRG) electronic calculator, the 33 
dose assessment approach in ARAR Dose Compliance Concentrations Goals for Radionuclides in 34 
Buildings (BDCC) electronic calculator, and Q17 of the guidance document "Radiation Risk 35 
Assessment At CERCLA Sites: Q & A" issued on May 2014. Computer codes such as the RVISL, 36 
which were developed to predict potential human exposure from radon concentrations in indoor 37 
air, are based on simplified equations and assumptions and are highly imprecise for an individual 38 
house or structure. EPA would recommend, where possible, Regions use measurements of radon 39 
indoors rather than rely on the transport portions of the RVISL. In particular, testing of 40 
groundwater or soil gas is not required to demonstrate compliance with RVISL WL, pCi/L, risk, or 41 
dose targets. 42 

Users should note that since background radon levels are typically outside the risk range, the 43 
RVISL calculator is likely to be used primarily for ARAR compliance. For example, the UMTRCA 44 
indoor radon standards 40 CFR 192.12(b)(1) and 192.41(b) were identified as likely Federal ARARs 45 
for Rn-222 and Rn-220 in Attachment A of the EPA guidance document "Establishment of Cleanup 46 
Levels for CERCLA Sites with Radioactive Contamination." There are some state standards 47 
expressed in pCi/l or mrem/yr that, if more stringent than the UMTRCA standards, may be 48 
selected as ARARs. 49 

Introduction 50 

Superfund sites are addressed under the authority of the Comprehensive Environmental 51 
Response, Compensation, and Liability Act (CERCLA) of 1980, which was amended by the 1986 52 
Superfund Amendments and Reauthorization Act. The purpose of this website is to provide a 53 
screening level calculation tool to assist risk assessors, remedial project managers, and others 54 
involved with risk assessment and decision-making at CERCLA sites in developing or refining 55 
screening levels. 56 

Rn-222 is commonly refered to radon because of its parent radium-226. Rn-220 is commonly 57 
called thoron because of its parent thorium. Rn-219 is commonly called actinon because of its 58 
parent actinium. Click the decay chain link to see the decay series for Rn-222, Rn-220, and Rn-219. 59 
The metal groups in these images are based on Los Alamos National Laboratory literature. See 60 
section 2.2 of the User's Guide to learn what progeny are evaluated in this web calculator. More 61 
details about the decay chains can be found in the EPA's Decay Chain Tool. 62 

This tool is based on the Technical Guide for Assessing and Mitigating the Vapor Intrusion 63 
Pathway from Subsurface Vapor Sources to Indoor Air (June 2015). Vapor intrusion occurs when 64 
there is a migration of vapor-forming chemicals or radon from any subsurface source into an 65 
overlying building. Recognition of soil vapor intrusion to buildings and other enclosed spaces 66 
occurred in the 1980s with concerns over radon intrusion. Subsequently, there was an increasing 67 
awareness that anthropogenic chemicals (e.g., petroleum hydrocarbons and chlorinated 68 
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solvents) in soil, groundwater, and sewers and drainlines could also pose threats to indoor air 69 
quality via the vapor intrusion pathway. 70 

The RVISL calculator results were previously verified. The documentation from these may be seen 71 
on the Internal Verification and External Verification pages. The RVISL calculator was also 72 
previously peer reviewed, and the documentation of the review may be seen here. 73 

Chemicals are not addressed on this website. For chemical vapor intrusion, please go to EPA's 74 
Vapor Intrusion Screening Level Calculator. 75 

Note: No consideration is given to ecological effects in the values presented in this calculator. 76 

Frequently Asked Questions 77 

This page presents many questions asked by site users and the applicable responses. Please 78 
search this page for answers to your questions prior to contacting technical support staff. 79 
Researching the questions and answers posted here will greatly reduce the time it takes for 80 
you to solve many problems that arise from calculating and using this SL site. 81 

1. What are RVISLs? How are they used? 82 

RVISLs are preliminary remediation goal concentrations for groundwater, soil gas (sub-83 
slab and exterior), and indoor air to assist Agency staff with making a vapor intrusion 84 
determination based on limited, initial data. 85 

2. How can I change attenuation factors? 86 

To change the attenuation factors, run the calculator; the main page has editable cells 87 
with the default factors presented. 88 

The screening levels for groundwater and soil gas (either sub-slab gas or soil gas 89 
collected exterior to buildings) are calculated from the target indoor air concentrations 90 
using empirically-based conservative "generic" attenuation factors that reflect 91 
generally reasonable worst-case conditions, as described in the EPA's vapor intrusion 92 
guidance. 93 

A critical assumption for this generic model is that site-specific subsurface 94 
characteristics will tend to reduce or attenuate soil gas concentrations as vapors 95 
migrate upward from the source and into overlying structures. Specific factors that may 96 
result in relatively unattenuated or enhanced transport of vapors into a building 97 
include the following: 98 

o Significant openings to the subsurface that facilitate soil gas entry into the building 99 
(e.g., sumps, unlined crawl spaces, earthen floors) other than typical utility 100 
penetrations. 101 
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o Very shallow groundwater sources (e.g., depths to water less than five feet below 102 
foundation level) 103 

o Significant routes for preferential, subsurface vapor migration whether naturally 104 
occurring (e.g., fractured bedrock) or anthropogenic. 105 

The factors listed above may negate the appropriate application of the recommended 106 
attenuation factors and the sub-slab, groundwater, and soil gas VISLs for purposes of 107 
identifying sites or buildings unlikely to pose a health concern through the vapor 108 
intrusion pathway. On the other hand, further evaluation of the vapor intrusion 109 
pathway is still appropriate when the sub-slab, groundwater, and soil gas VISLs are 110 
exceeded for samples from a building or site where these specific factors are present. 111 

Vapor source types that typically make the use of the recommended attenuation 112 
factors and health-based VISLs for groundwater and soil gas inappropriate include: 113 

o Those originating in landfills where methane is generated in sufficient quantities to 114 
induce advective transport in the vadose zone. 115 

o Those originating in commercial or industrial settings where vapor-forming chemicals 116 
can be released within an enclosed space and the density of the chemicals' vapor may 117 
result in significant advective transport of the vapors downward through cracks and 118 
openings in floors and into the vadose zone. 119 

o Leaking vapors from pressurized gas transmission lines. 120 

In each case, the diffusive transport of vapors may be overridden by advective 121 
transport, and the vapors may be transported in the vadose zone several hundred feet 122 
from the source of contamination with little attenuation in concentration. In general, 123 
EPA recommends considering whether the assumptions underlying the generic 124 
conceptual model are attained at a given site. If they are not attained, then EPA 125 
recommends that the medium-specific VISLs not be relied upon as a line of evidence for 126 
identifying sites or buildings unlikely to pose a health concern through the vapor 127 
intrusion pathway. Where the assumptions regarding the subsurface attenuation 128 
factors do not or may not apply, EPA generally recommends collecting indoor air 129 
samples. 130 



5 
 

3. Why can't I calculate RVISLs for bulk soil samples? 131 

Consistent with the 2015 OSWER Technical Guide for Assessing and Mitigating the Vapor 132 
Intrusion Pathway from Subsurface Vapor Sources, "bulk soil (as opposed to soil gas) 133 
sampling and analysis is not currently recommended for estimating the potential for 134 
vapor intrusion to pose unacceptable human health risk in indoor air, because of the 135 
potential for vapor loss due to volatilization during soil sampling, preservation, and 136 
analysis. In addition, there are uncertainties associated with soil partitioning 137 
calculations." 138 

4. How can I access the " forward calculator"  function? 139 

In addition to calculating screening levels, the calculator allows the user to input data 140 
collected from their site. This data is used to model the indoor air concentration, 141 
calculate a chronic daily intake, and present cancer risk. On the calculator main page, 142 
select "Yes" under the section titled " Predict indoor air concentrations and risk from 143 
measured media concentrations?" . A choice will be presented for the user to select 144 
between air, soil gas, and groundwater data. "Site-specific" mode is automatically 145 
activated, and the user will be prompted to enter their site data. 146 

5. How can I adjust groundwater temperatures? 147 

The main page of the calculator has a cell where the temperature can be changed from 148 
the default of 25 °C. 149 

Users are given the option to change the groundwater-soil system temperature from 150 
the default of 25°C to a site-specific value. Since the unitless Henry's Law Constant (H') 151 
is derived based on the partial pressure of a gas in equilibrium with a liquid and the 152 
equilibrium changes when temperature changes, H' is changed to reflect the 153 
equilibrium at the given temperature. The equation below illustrates how H' is derived 154 
when groundwater temperature is changed. An EPA Fact Sheet describing the process 155 
can be found at https://www.epa.gov/vaporintrusion/fact-sheet-correcting-henrys-law-156 
constant-temperature. 157 

6. How are the results converted to a mass basis? 158 

Appendix B of the Soil Screening Guidance for Radionuclides Technical Background 159 
Document presents a formula for converting PRGs in pCi/g to mg/kg and also a formula 160 
for converting pCi/L to mg/L. The equation is reproduced here with similar conversions 161 
for mg/m3 and mg/cm2. 162 



163 
164 

165 

166 
167 

168 
169 

170 

171 
172 

C. (mg/L) = 2 .8x1 □·15 ( mg•mole ) xA ( - 9- ) xr (years)xC (pCi/L) 
I,a pCl-g•year w mole 112 gw 

and: 

c. (mgtm3) =2.ax10·15 ( mg•mole ) xA ( - 9- ) xr
112 

(years)xC (pc itm3) 
1,a pCl-g•year w mole sg 

where: 

Aw is the radionuclide atomic we ight and r
112 

is the radionuclide half-l ife . 

The derivation of the 2.8 x 10·12 conversion is presented below. 

2_8x10.1s ( mg.mde) • (1x10·
1
_:?ci}(3.7x10

10
'1/s)x(31,536,000 s)x-1-x(all:>ms\,( I mole )x (1000 mg) 

ljiCl.g")'ear pC1 c, year 0.693 nt / 6.023x1023all:>ms 9 

'llhere: 

nt • r..ideet transfonnerlions (decays) 

A(~) • N(numberoferloms) xo.693( ~ ) 
year T v, (years) alxlm 

Combination of the derivation of the conversions w ith the isotope-specific half life and 
atomic weight is presented here. 

C (mgll.) = C (pCiil.)• (1 ,10· 1_2C•)•(3 7•
1
01_° "¼)•(31.536 ODO s). _ 1_. (atoms) • ( 1 mole ] • (1000 mg)•A (_g_)xr 

12 
(years) 

1,a gw pC, C, year 0.693 nt 6 023 x1023ato ms g w mole 1 

and 

C. (mglm3) = C [pCi/m3)x (1 ,10· 1
2c;)• (3.7x101_ DnY.), (31 f,36 ,000 •)•-1-x (atoms)x( l mole )x(1 000 mg)•A (-9- ) xT ( )-ears) 

•.• •9 pC, c, yeo r 0.693 nt 6.023•l023atoms g w mo le 1n 

where 

Aw io the radionuclide atomic weight sndT
112 

,o t he radionuclide hslf- lfe. 

nt = nudear transformalons (decays) 

A(~) = N(nu mb er o f a toms) xO.S93 (~) 
year r

112 
(yoars) a to m 

173 7. How were the UMTRCA working level {WL) standards converted to pCi/ L? 
174 
175 
176 

This table depicts the three steps to convert the UMTRCA WL standard to pCi/ L. For more 
discussion on Wl s, see the User's Guide Section 2.8. 
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Rn-222 

1 WL = 100 pCi/L 

1 WL = 100,000 pCi/m3 

1 WL = 3.7 Bq/L 

1 WL = 3,700 Bq/m3 

Rn-222 

1 WL = 250 pCi/L 

1 WL = 250,000 pCi/m3 

1 WL = 9.25 Bq/L 

1 WL = 9,250 Bq/m3 

Rn-222 

0.02 WL = 5 pCi/L 

0.02 WL = 5,000 pCi/m3 

0.02 WL = 0.185 Bq/L 

Rn-220 

1 WL = 7.5 pCi/L 

1 WL = 7,500 pCi/m3 

1 WL = 0.2775 Bq/L 

1 WL = 277.5 Bq/m3 

Rn-220 

1 WL = 375 pCi/L 

1 WL = 375,000 pCi/m3 

1 WL = 13.875 Bq/L 

1 WL = 13,875 Bq/m3 

Rn-220 

0.02 WL = 7.5 pCi/L 

0.02 WL = 7,500 pCi/m3 

0.02 WL = 0.2775 Bq/L 
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Rn-219 

1 WL = 162 pCi/L 

1 WL = 162,000 pCi/m3 

1 WL = 5.994 Bq/L 

1 WL = 5,994 Bq/m3 

Rn-219 

Unable to provide 
conversion due to 
missing F eq from 
Federal Guidance 

for Rn-219. 

Rn-219 

Unable to provide 
conversion due to 
missing F eq from 
Federal Guidance 

for Rn-219. 



0.02 WL = 185 Bq/m3 0.02 WL = 277.5 Bq/m3 

177 Working Level Conversion References 

178 o David Allen. Dose Conversion Factors for Radon WLM. Centers for Disease Control (CDC), 
179 June 2018. 

180 o Health Physics Society (HPS). Ask the Experts: Environmental and Background 
181 Radiation - Radon. May 2017. 

182 8. When do I use risk-based versus dose-based versus WL screening level types? 

183 The RVISL calculator is likely to be used primarily for ARAR compliance. For example, 
184 the UMTRCA indoor radon standards 40 CFR 192.12(b)(1) and 192.41(b) were identified 
185 as likely Federal ARARs for Rn-222 and Rn-220 in Attachment A of the EPA guidance 
186 document "Establishment of Cleanup Levels for CERCLA Sites with Radioactive 
187 Contamination. " There are some state standards that may be expressed in pCi/1 or 
188 mrem/ yr that if more stringent than the U MT RCA standards may be selected as ARA Rs. 
189 Background levels of indoor radon will typically exceed the risk range, and it would 
190 generally not be expected that remediation levels for indoor radon would be risk-based 
191 or based on background. The risk portions of the RVISL can still be used to provide risk 
192 estimates for the ARAR-based remediation levels. 

193 9. When should modelling instead of measurements be used for indoor radon? 

194 Computer codes such as the RVISL, which were developed to predict radon 
195 concentrations in indoor air for potential human exposure based on simplified 
196 equations and assumptions, are highly imprecise for an individual house or structure. 
197 EPA would recommend, where possible, Regions use measurements of radon indoors 
198 rather than rely on the transport portions of the RVISL. In particular, testing of 
199 groundwater or soil gas is not required to demonstrate compliance with RVISL WL, 
200 pCi/L, risk, or dose targets. 

201 10. Why do the Superfund RVISL calculator risk results for 4 pCi/ L of Rn-222 in air differ 
202 from the reported ORIA health risks for the same activity? 

203 The RVISL calculator risk results for 4 pCi/ L of Rn-222 in air differ from the reported 
204 ORIA health risks for the same activity for several reasons. The first reason for a 
205 difference in the risk results is that the RVISL calculator uses risk coefficients based on 
206 morbidity (getting cancer) from inhalation and submersion exposure routes, while the 
207 ORIA tables are based on mortality (death) from inhalation-induced lung cancer only. 
208 The ORIA Health Risk of Radon web page reports that for smokers and never-smokers, 
209 the mortality risk from lung cancer of 4 pCi/L of Rn-222 is 62 out of 1,000 people and 7 
210 out of 1,000 people, respectively, or 6.2 x 10·2 and 7 x 10-3. Given in the scientific notation 
211 format used in the RVISL, this relates to a lung cancer mortality risk of 6.2E-02 and 7E-
212 03, respectively. The RVISL residential risk results for a combination of smokers and 
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213 never-smokers to 4 pCi/L of Rn-222 in air is 8.39E-02, which rounds to 8.4 x 10·2 • 

214 Additionally, the ORIA risk estimates are based on an average population study, where 
215 the individual's exposure parameters are not considered, while the RVISL results are 
216 based on a reasonably maximum exposed (RME) individual. The individual exposure 
217 parameters considered in Superfund assessments include dwelling air exchange rate, 
218 inhalation rates, exposure duration, and resident time indoors. 

219 For more information on different methods for making radon inhalation cancer risk 
220 estimates see section 2.3.1 of the User Guide. 

221 11. I noticed the VISL and RVISL use the same attenuation factors. Are the VISL default 
222 attenuation factors appropriate for use in the RVISL calculator? 

223 The default VISL attenuation factors are also used in the RVISL. In fact, radon intrusion 
224 studies were the foundation for recognition that chemical vapors also intrude into 
225 buildings and enclosed spaces from soil and groundwater sources (EPA 1995). It was 
226 also observed that vapor intrusion mitigation remedies suppress both chemical and 
227 radon gasses and that monitoring radon intrusion is a viable surrogate for predicting 
228 chemical intrusion susceptibility in buildings (EPA 2015). Many studies reported in EPA 
229 2012a, demonstrate strong correlation between radon and chemical sub-slab soil gas 
230 attenuation factors calculated when the radon and chemicals are uniformly collocated. 

231 The default attenuation factors can be substituted for site-specific attenuation factors if 
232 underlying site conditions are known. EPA 2012b presents site-specific attenuation 
233 factors for sub-slab soil gas, groundwater, and crawlspaces for chemicals. The 
234 attenuation factors are summarized in the following table. The defaults used in the VISL 
235 and RVISL calculators are highlighted. The defaults are based on the 95th percentile and 
236 are appropriate for adjusting an RME scenario. The 50th percentile values would be more 
237 appropriate for a central tendency exposure scenario where a large amount of 
238 sampling data is available to reduce uncertainty in calculating the exposure 
239 concentration or defining nature and extent of the source term. 

- - - Th, l'S'ifflfiilrn - - - - -l...,Ui'l'lril ......!..... , -"'''"ll:.llll0<11l1J1Uo&lflHIJ-, 

Residence Type Median (50th percentile) 95th Percentile 

All residences 3E-03 (0.003) 3E-02 (0.03)* 

Residences with basements 3E-03 (0.003) 3E-02 (0.03) 

Residences with slab-on-grade 3E-03 (0.003) lE-02 (0.01) 
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.~•11111 -:-.. .. ,-. --1:..1111l:---.1r.11tl.,-;~IJl~r.;,.,11--;.11-., 

Scenario Median (50th percentile) 95th Percentile 

All soil types and water depths 7E-05 (0.00007) IE-03 (0.001)* 

Fine soil type 5E-05 (0.00005) 5E-04 (0.0005) 

Coarse soil type l E-04 (0.0001) lE-03 (0.001) 

Ve1y coarse soil type 2E-04 (0.0002) 4E-03 (0.004) 

Depth to water < 1.5 m 6E-04 (0.0006) 7E-03 (0.007) 

Depth to water 1.5-3 m l E-04 (0.0001) 2E-03 (0.002) 

Depth to water 3-5 m 4E-05 (0.00004) 2E-03 (0.002) 

Depth to water > 5 m 5E-05 (0.00005) 6E-04 (0.0006) 

- - I~ - - - - -].a'W[.lillllllll _..L_........:..J.l..!.'w ■■:.. ■ 111'. ■ IIIU1J9'l - ■ 11-., 

Scenario Median (50th percentile) 95th Percentile 

All residences 4E-03 (0.004) 3E-01 (0.3) 

-- .. ---- -l.i!P. .. '-'MIL."11111.l '■l.;..'-'-~••:i.1 IV.II I ,ll , 11r 

Scenario Median (50th percentile) 95th Percentile 

All residences 4E-01 (0.4) 9E-01 (0.9) 

240 *These are the VISL and RVISL defaults. 
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RVISL User's Guide 

United States 
Environmental Protection 
Agency 

Search EPA.gov 

Draft Radon VISL User's 

Guide (April 2020) 
PDF of User Guide 

Welcome to the EPA's Radon Vapor Intrusion Screening Level (RVISL) 

Calculator User's Guide for Radionuclide Contaminants at Superfund Sites. 
This guide contains descriptions, equations, and default exposure 

parameters used to calculate cancer risk and dose-based RVISLs. 
Additional guidance is also provided on sources of parameters and proper 

Menu 

CONTACT US 

Radon Vapor Intrusion 
Screening Levels 

(RVISL) 

• Home Page 

• User's Guide 

• What's New 

• Frequent Questions 

• Equations 

• RVISL Calculator 

• Generic Tables 

RVISL use. It is suggested that users read the RVISL Frequent Questions page before proceeding. The 

user guide is extensive, so please use the "Open All Sections" and "Close All Sections" links below as 
needed. Individual sections can be opened and closed by clicking on the section titles. Before 

proceeding through the user's guide, please read the Disclaimer. 

This tool provides screening level concentrations of radon for groundwater, soil gas (sub-slab and 
exterior), and indoor air to assist Agency staff with making a radon vapor intrusion screening level 

(RVISL) determination based on limited, initial data. In addition to calculating screening levels, this tool 
can calculate indoor air concentrations from radon in soil gas and groundwater concentrations entered 

by the user. The cancer risk and dose from calculated indoor air concentrations and user-provided 
indoor air concentrations can also be calculated. The equations for these features are presented in the 
following sections. Note that for Comprehensive Environmental Response, Compensation, and Liability 
Act (CERCLA) remedial actions, dose assessment is generally done only to show compliance with a 
dose based Applicable or Relevant and Appropriate Requirement (ARAR). In addition, the calculator 

presents the option to compare the indoor air concentration, entered by the user or derived from 
groundwater or soil gas activities, to state standards or Uranium Mill Tailings Radiation Control Act 
(UMTRCA) standards, which also may be potential ARARs. 

The RVISL calculator provides updated guidance developing screening levels (Sls) or preliminary 

remediation goals (PRGs) for indoor radon-222, radon-220, and radon-219 that are risk or dose based, 
and for showing compliance with the UMTRCA indoor radon standards for radon-222 and radon-220. The 
RVISL therefore supersedes the risk assessment approach in Preliminary Remediation Goals for 
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Radionuclides in Buildings (BPRG) electronic calculator, the dose assessment approach in ARAR Dose 

Compliance Concentrations Goals for Radionuclides in Buildings (BDCC) electronic calculator, and Q17 

of the guidance document "Radiation Risk Assessment At CERCLA Sites: Q & A" issued on May 2014. 

Open All Sections I Close All Sections 

Disclaimer 
This guidance sets forth a recommended, but not mandatory, approach based upon currently available 
information with respect to risk and dose assessment for response actions at CERCLA sites. This 
document does not establish binding rules. Alternative approaches for risk assessment may be found to 
be more appropriate at specific sites (e.g., where site circumstances do not match the underlying 

assumptions, conditions, and models of the guidance). The decision whether to use an alternative 
approach and a description of any such approach should be documented for such sites. Accordingly, 
comments questioning the use of the approaches recommended in this guidance at individual CERCLA 
sites should be considered and an explanation provided for the selected approach. 

It should also be noted that the radon vapor intrusion screening levels (RVISLs) produced by this 
calculator are based upon human health risk and do not address potential ecological risk. Some sites in 
sensitive ecological settings may also need to be evaluated for potential ecological risk. EPA's guidance 
"Ecological Risk Assessment Guidance for Superfund: Process for Designing and Conducting 
Ecological Risk Assessment" contains an eight step process for using benchmarks for ecological 
effects in the remedy selection process. 

The RVISL calculator provides updated guidance developing screening levels (Sls) or preliminary 

remediation goals (PRGs) for indoor radon-222, radon-220, and radon-219 that are risk or dose based, 
and for showing compliance with the UMTRCA indoor radon standards for radon-222 and radon-220. The 
RVISL therefore supersedes the risk assessment approach in Preliminary Remediation Goals for 

Radionuclides in Buildings (BPRG) electronic calculator, the dose assessment approach in ARAR Dose 
Compliance Concentrations Goals for Radionuclides in Buildings (BDCC) electronic calculator, and Q17 
of the guidance document "Radiation Risk Assessment At CERCLA Sites: Q & A" issued on May 2014. 

1. Understanding the RVISL Website 

1.1 General Considerations 

Radon is an inert, cancer-causing, radioactive gas at room temperature and these criteria used 

to determine if a chemical is suitable for vapor intrusion analysis will be ignored for this 

calculator. 

• To determine vapor intrusion of a chemical, the chemical must first meet the criteria for 

volatility, which is either a Vapor Pressure > 1 mm Hg or a Henry's Law Constant > 1 x 1 o-5 

atm-m3/mole. 

• A chemical must be sufficiently volatile and toxic to pose inhalation or external exposure risk 
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via vapor intrusion from soil source. 

• Third, the chemical must be sufficiently volatile and toxic to pose inhalation or external 

exposure risk via vapor intrusion from groundwater. 

• The chemical must contain either a reference concentration (RfC) or an inhalation unit risk 

(IUR) for a VISL to be calculated. 

While radon is suitable for the vapor intrusion models used for chemicals, this language is not 

su itable for radon. Radon has inhalation and external exposure (submersion) risk coefficients 

(slope factors) and dose coefficients. Additionally, all radionuclides are considered Group A 

carcinogens by the EPA. 

The concentration ratios between radon and its progeny indoors (i.e., the indoor Feq) is very 

much influenced by ventilation, exhalation, solid-particle concentration, and surface deposit ion 

of radon progeny (Chen & Harley, 2018). Exhalation, solid-particle concentration, and surface 

deposition were omitted in this study, for simplification. Air quality was also neglected, and it 

was assumed that actinon, thoron, radon, and subsequent progeny were uniformly distributed 

over the air volume. 

The medium-specific RVISLs for health protection are developed considering a generic 

conceptual model for vapor intrusion consisting of: 

• a source of vapors underneath the building(s) either in the vadose zone or in the uppermost, 

continuous zone of groundwater, separations between walls and foundation slabs, cracks in 

foundations; 

• vapor migration via diffusion upwards through unsaturated soils from these sources toward 

the ground surface and overlying buildings; and 

• buildings with poured concrete foundations (e.g., basement or slab-on-grade foundations) 

that are susceptible to soil gas entry. 

A critical assumption for this generic model is that site-specific subsurface characteristics will 

tend to reduce or attenuate soil gas concentrations as vapors migrate upward from the source 

and into overlying structures. The RVISL relies on default attenuation factors developed from 

measured VI data; however, some site-specific characteristics may result in relatively 

unattenuated or enhanced transport of vapors into a building. These factors include: 

• significant openings to the subsurface that facilitate soil gas entry into the building (e.g., 

sumps, unlined crawl spaces, earthen floors) other than typical utility penetrations; 

• very shallow groundwater sources (e.g., depths to water less than five feet below foundation 

level); and 

• significant routes for preferential , subsurface vapor migration whether naturally occurring 

(e.g., fractured bedrock) or anthropogenic routes: (e.g., abandoned underground utilit ies, 

gravel, highly permeable soil under foundation). 

These specific factors may render the use of the recommended attenuation factors and 

the sub-slab, groundwater, and soil gas RVISLs inappropriate for purposes of 
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identifying sites or buildings unlikely to pose a health concern through the vapor 

intrusion pathway. On the other hand, further evaluation of the vapor intrusion pathway is still 

appropriate when the sub-slab, groundwater, and soil gas RVISLs are exceeded for samples 

from a building or site where these specific factors are present. 

In addition, certain vapor sources, listed below, invalidate the recommended attenuation 

factors and screening levels used the RVISL: 

• those originating in landfills where radon is generated in sufficient quantities to induce 

advective transport in the vadose zone and 

• those originating in commercial or industrial settings where radon can be released within an 

enclosed space and the density of the radon vapor may result in significant advective 

transport of the vapors downward through cracks and openings in floors and into the vadose 

zone. 

In each case, the diffusive transport of vapors may be overridden by advective transport, and 

the vapors may be transported in the vadose zone several hundred feet from the source of 

contamination with little attenuation in concentration. 

The previously mentioned assumptions and warnings involving attenuation factors are for 

generic chemicals and do generally apply to radon; however, there are additional 

consderations for radon entry dynamics. It is recommended that users of this calculator 

consider all these factors and the ones that are listed below. The concentration of radon in a 

building depends on: 

1. Source of radon and its strength 

2. Transport of radon 

o Pathways 

■ Soil - high soil porosity or utility trenches, etc. 

■ Building Shell - joints, cracks, earthen areas, utility penetrations, etc. in the foundation 

o Driving forces that pull or push radon towards the building and inside the building. 

■ air pressure differences 

■ diffusion 

■ emanation 

■ well water 

■ environmental effects (e.g. , frost or saturated upper soil horizon, rain, pavement 

around buildings can "cap" the soil) 

3. Ventilation rate of building 

Radon concentration are influenced by the complex interaction of: 

1. Local geology 

2. Soil 

o Parent isotope content 

o Moisture content 
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o Temperature difference 

o Permeability 

o Water table fluctuation 

3. Climate and meteorological factors 

o Season 

o Barometric pressure changes 

o Precipitation (e.g. rate, amount) 

o Wind speed and direction 

o Snow cover or soil saturation 

o Temperature inversions 

4. Building characteristics 

o Pressure differences 

o Heating systems 

o Ventilation 

o Water source 

o Building materials 

5. Occupant Activities 

o Window opening 

o Fireplace and wood stove use 

1.2 RVISL Outputs 

This calculator only offers one output option, whereas other EPA risk and dose calculators 

offer three options. 

• Assumes secular equilibrium throughout chain (no decay) 

• Does not assume secular equilibrium, provide results for progeny throughout chain 

• Does not assume secular equilibrium, provides results for selected isotopes only 

The RVISL output is based on an equilibrium relationship of the three parent isotopes to their 

progeny. In the case of Rn-222, this means the progeny prior to Pb-210; for Rn-220 and Rn-

219, all progeny are included. This equilibrium relationship, which is based on air exchange 

rates within the structure, is dubbed the activity equilibrium fraction (Aeq) and is discussed in 

greater detail in section 4.3. 

The calculator output is organized by radon parent. Each radon parent has its own output 

section. The first row for each radon parent section is a total of the progeny and parent 

fractional contribution. Radon-219 is first followed by radon-220 and Rn-222. 
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1 
RVI SL = --,-----~ 

tot [J1 RVI s~ i] 
route 

where: 

n = total number of exposure rou tes: 

and: 

RVISL 
1 

= 
rou te 

[it 1 

il RVISL 

A 
eq 

where: 

n = number of short-lived progeny in the decay series: 

RVISL = RVISL for isotope in decay chain; 

A = activity equilibrium factor for isotope. 
eq 

The RVISL calculator gives the user the option to select either a risk or a dose-based 

calculation. The risk and dose-based outputs are given in pCi, unless the user elects Bq. 

The RVISL calculator has an option to include the results in working levels (Wls) for 

comparison to the UMTRCA standards in addition to results based on volume (pCi/m3 or 

pCi/L). The calculator gives the contribution of each short-lived isotope (parent and progeny) to 

the total RVISL. When Wls are included in the output, only the parent activity is converted to a 

WL, and the total RVISL value derived for the whole chain is not used for the WL conversion 

despite the WL value being displayed in the top row for the chain. For more information on the 

short-lived progeny included in each RVISL calculation and WL conversions, see section 1.8. 

1.3 Slope Factors (SFs) and Dose Conversion Factors (DCFs) 

EPA classifies all radionuclides as Group A carcinogens ("carcinogenic to humans"). Group A 

classification is used only when there is sufficient evidence from epidemiologic studies to 

support a causal association between exposure to the agents and cancer. The following 

sections discuss the sources of inhalation and external exposure via submersion in gas cloud 

SFs and DCFs used in this calculator. 

1.3.1 Inhalation 

The Radon Cancer Risk Coefficients and Age-Specific Effective Dose Coefficients report from 

Oak Ridge National Laboratory lists inhalation cancer slope factors (SFs) (risk coefficients for 

total cancer morbidity) and dose coefficients (DCFs) for radionuclides in conventional units of 

picocuries (pCi). Inhalation SFs and DCFs are central estimates in a linear model of the age

averaged, lifetime attributable radiation cancer incidence (fatal and nonfatal cancer) risk or 

dose per unit of activity inhaled, expressed as risk/pCi or mrem/pCi, respectively. 
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The inhalation SFs and DCFs from the Radon Cancer Risk Coefficients and Age-Specific 

Effective Dose Coefficients report differ from the inhalation values presented in Health Effects 

Assessment Summary Tables (HEAST). The inhalation SFs and DCFs used in this calculator 

were calculated using ORNL's DCAL software in the manner of Federal Guidance Reports 

(FGR) 12 and 13. The coefficients tabulated here are for inhalation of individual rad ionuclides 

without accompanying progeny but include the contribution to dose of ingrowth of radioactive 

progeny in the body following intake of a parent radionuclide. This approach allows the user to 

derive effective dose estimates or cancer risk estimates for any known or hypothetical 

combination of radon and its short-lived progeny in air. This is essential for the fractional 

activity equilibrium factors derived in this calculator based on air exchange rates (see sections 

4.2 and 4.3.). Using SFs and DCFs calculated with the methods from HEAST and with the 

fractional activity equilibrium models in this calculator would result in overestimation of risk and 

dose. 

An alternative approach for assessing cancer risk associated with radon in homes is to use 

models that express rad iogenic lung cancer risk as a function of past exposure, such as those 

recommended in the National Research Council's report of the sixth Biological Effects of 

Ionizing Radiation (BEIR VI) report (1999) and the World Health Organization (WHO) 

Handbook (2009). The BEIR VI models and those described in the WHO Handbook do not 

require dose calculations and were derived by data analysis of epidemiological studies of lung 

cancer associated with exposure to radon. No recommendation is made here as to which 

approach is to be preferred for other purposes. The SFs derived in the ORNL report are used 

here to allow for more direct comparisons with the associated DCFs. 

The ORNL Radon report does not include inhalation risk or dose coefficients for Rn-219, 

because the short half-life creates a large uncertainty in the distribution of decays in the body. 

That large uncertainty is one reason why the International Commission on Radiological 

Protection (ICRP) generally does not provide inhalation or ingestion dose coefficients for such 

short-lived radionuclides. 

EPA currently provides guidance on inhalation risk assessment in RAGS Part E (Risk 

Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual, Part F, 

Supplemental Guidance for Inhalation Risk Assessment); however, this guidance only 

addresses chemicals. The development of inhalation slope factors for rad ionuclides differs 

from the guidance presented in RAGS Part F for development of inhalation unit risk (IUR) 

values for chemicals. 

1.3.2 Submersion 

The external exposure SFs and DCFs used in this calculator are taken from Calculation of 

Slope Factors and Dose Coefficients (ORNL 2014). The external SFs and DFCs were 

calculated using ORNL's DCAL software in the manner of Federal Guidance Report 12 and 13 

and differ from the values presented in HEAST. External exposure SFs and DCFs are central 

estimates of lifetime attributable radiation cancer incidence risk for each year of exposure to 

external radiation from photon-emitting radionuclides distributed uniformly in a gas cloud and 
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are expressed as risk/yr per pCi/m3 air or mrem/year per pCi/m3 air. When combined with site

specific media concentration data and appropriate exposure assumptions, SFs can be used to 

estimate lifetime cancer risks, and DCFs can be used to estimate annual dose to members of 

the general population due to rad ionuclide exposures 

1.4 Radon-specific Para1neters 

Several radon-specific parameters are needed for development of the RVISLs. 

1. Half-life , lambda (A), atomic number, and atomic weight are taken from ICRP 107. 

Isotope 
Half-life 

/\ (year-1) 
Atomic Atomic 

(year) Number Weight 

Rn-219 1.26E-07 5.52E+06 86 219.009 

Rn-220 1.76E-06 3.93E+05 86 220.011 

Rn-222 1.05E-02 6.62E+01 86 222.018 

2. Vapor Pressure (VP) (mmHg at 25°C) is taken from Table 11 - Vapor Pressure - Inorganic 

Compounds of the online version of Yaws' Critical Property Data for Chemical Engineers 

and Chemists, 2014. The value stated in the source is 12,620 mmHg at 25°C. The value is 

taken from a Q.!.Q1_of the Antoine Equation logP=A-(B/(T +C). 

3. Density (p) (g Rn/cm3 at 0 °C) is taken from CRC Handbook of Chemistry and Physics 67th 

Edition, pg. B-122. The value stated in the source is 9.73 g/L (No temperature is given but 

thought to be based on 0 °C). Density is used to calculate the water solubility, below. 

Converting to the required units is as follows: 

4. Water Solubility (S) (mg/L at 25°C) is taken from CRC Handbook of Chemistry and Physics 

67th Edition, pg. B-122. The value stated in the source is 22.4 cm3Rn/100 cm3 H20 at 

25°C. Converting to the required units is as follows, assuming 1 cm3 = 1 ml: 

(
2220 mg Rn gas/ ) = [ (22.4 cm3 Rn/ ) x (10JO ml H,o I ),(1 Lgas/ )x (1 moll ) , (222.□18 g Rn/ ) x (100J mg H,o /\) 

/ LH,O /1□□ cm3 H,O /1 LH,O /1 000 ml gas ;n:u Lgas /mol / g) 

5. Henry's Law Constant (HLC) (atm-m3/mole at 25°C) is taken from Atmos Chem Phys , 15, 

2015, pg. 4418. The value of 9.3E-05 mol/m3Pa at 25°C is selected as the largest of six 

values presented. Converting to the required units is as follows: 
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6. Unitless Henry's Law Constant (H') (unitless at 25°C). The value is derived from 0.106 atm

m3 /mol I 0.02446 = 4.34. The conversion factor, 0.02446 is calculated by multiplying the 

universal gas constant, 8.0257338E-05 atm-m3/mol K, by the temperature 298.16 K. 

7. Critical Temperature (Tc) (K)is taken from CRC Handbook of Chemistry and Physics online 

version. The value reported is 104 °C, which is 377.15 K. 

8. Boiling Point (Tb) (K) is taken from CRC Handbook of Chemistry and Physics online 

version. The value reported is -67.7 °C, which is 21 1 .45 K. 

9. Lower Explosive Limit (LEL) (% by volume). Radon is an inert gas and the LEL is not of 

concern as it would be for chemicals. 

10. Enthalpy of vaporization at the normal boiling point (cal/mol) is taken from Yaw's 

Thermophysical Properties of Chemicals and Hydrocarbons Table 63. Enthalpy of 

Vaporization at Boiling Point - Inorganic Compounds (Electronic Edition). The reported 

value is 18.098 kJ/mol. Converting to the required units is as follows: 

(4326 ca1/mo i)= ((18 098 Ymoi)x (1000 J/4)x(1 ca¼_ 184 J)) 

1.5 Understanding Risk Output on the RVISL Website 

The RVISL calculator provides an option to select risk output. In the calculator, select "yes" if 

risk output is desired. Selecting risk output requ ires the calculator to be run in "Site Specific" 

mode. The risk values presented on this site are radionuclide-specific values for Radon 

contaminants in air that may warrant further investigation or site cleanup. 

1.5.1 General Considerations for the Risk Output 

This portion of the risk assessment process is generally referred to as "Risk 

Characterization". This step incorporates the outcome of the exposure and toxicity 

assessments to calculate the risk resulting from potential exposure to radionuclides 

via the pathways and routes of exposure determined appropriate for the source area. 

Risk is calculated in this tool using the following equation. 

The basic equation for calculating excess lifetime cancer risk is: 

Risk = COi x SF x Aeq 

where: 
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Risk = a unitless probability of an individual developing cancer over a lifetime; 

CDI = chronic daily intake or dose [pCi or pCi-year/m3] 

SF = slope factor, expressed in [risk/pCi or risk/year per pCi/m3] 

Aeq = Activity Equilibrium Factor of individual isotope (See Section 4.3) 

The risk results are color coded to identify risk ranges and potential radionuclides of 

concern. The colors and the associated risk ranges are presented in the table below. 

Excess Lifetime Cancer Risk 

Risk Range Risk < 0.000001 Risk > 0.000001 Risk > 0.0001 

Color Code No shading Yellow Red 

1.5.2 One-Hit Rule 

The linear risk equation, listed above, is valid only at low risk levels (below estimated 

risks of 0.01 ). For sites where radiological exposure might be high (estimated risks 

above 0.01 ), an alternate calculation should be used. The one-hit equation, which is 

consistent with the linear low-dose model, should be used instead (RAGS, part A ch . 

.8.). The results presented on the preliminary remediation goal (PRG) calculator use 

this rule. In the following instances, the one-hit rule is used independently in the risk 

output tables: 

• Risk from a single exposure route for a single radionuclide. 

• Summation of single rad ionuclide risk (without one-hit rule applied to single 

rad ionuclide results) for multiple exposure routes (right of each row). 

• Summation of risk (without one-hit rule applied to single radionuclide results) from a 

single exposure route for multiple radionuclides (bottom of each column). 

• Summation of total risk (without one-hit rule applied to single radionuclide results or 

summations listed above) from multiple radionuclides across multiple exposure 

routes (bottom right hand cell). 

1.6 Understanding Dose Output on the RVISL Website 

This portion of the risk assessment process is generally referred to as "Dose Characterization". 

This step incorporates the outcome of the exposure and toxicity assessments to calculate the 

dose resulting from potential exposure to rad ionuclides via the pathways and routes of 

exposure determined appropriate for the source area. Dose is calculated in this tool using the 

following equation: 

Dose = CDI x DCF x Aeq 
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where: 

Dose = The energy absorbed from radiation by a person (mrem/year) 

COi = Chronic Daily Intake or Dose [pCi/year or pCi/m3] 

DCF = Dose Conversion Factor [mrem/pCi or mrem/year per pCi/m3] 

Aeq = Activity Equilibrium Factor of individual isotope 

1. 7 Co1nparison to State and UMTRCA Standards 

The calculator presents the option to compare the indoor air concentration, entered by the user 

or derived from groundwater or soil gas activities, to state standards or Uranium Mill Tailings 

Radiation Control Act (UMTRCA) standards that may be potential ARARs. The state standards 

are likely only for Rn-222. A preset value of 4 pCi/L of air is given, as it is the most common 

pCi/L value used in state standards. For the UMTRCA comparison option, a preset value of 

0.02 working levels (WL) is given for Rn-222 and Rn-220. Alternative values can be entered for 

either of these standards on the first page of the calculator. For more information on evaluation 

of radon working levels, see section 1.8. 

1.8 Understanding Working Levels (WL) 

The term Working Level (WL) refers to the activity of the progeny present in air from a specific 

radon parent (i.e., radon, thoron, or actinon). Specifically, Wls do not include the contribution 

from the parent. According to the EPA's code of federal regulations 40 CFR 192.1 1, "a working 

level (WL) means any combination of short-lived radon decay products in one liter of air that 

will result in the ultimate emission of alpha particles with a total energy of 130 billion electron 

volts." In the case of Rn-222, this means the progeny prior to Pb-210; for Rn-220 and Rn-219, 

all progeny are included. U.S. EPA 1989 (RAGS Part A), the National Institute of Occupational 

Safety and Health (NIOSH)(Dose Conversion Factors for Radon WLM), the National Council 

on Radiation Protection and Measurements (NCRP) Report No 97, and The Department of 

Energy (DOE-STD-1 121-2008) agree with the definition and/or offer equivalent values in units 

of pCi/L. At 100% equilibrium, one WL is equal to 100pCi/L of Rn-222, 7.5 pCi/L of Rn-220, 

and 162 pCi/L of Rn-219. While this is a significant difference in the gas concentrations, by 

definition of the working level , the decay products will ultimately emit the same amount of alpha 

energy. This, however, does not lead to the same lung dose. This is caused largely by the 

difference in the half-lives of the decay products. Since Rn-220 products have longer half-lives, 

the body has longer to transport the activity from one compartment to another and thus deliver 

dose to different areas of the lung. Since the working level is an air concentration, it is 

analogous to an exposure rate. To describe exposure, the unit working level month (WLM) is 

also used. A WLM is the exposure equivalent to breathing one WL for 170 hours (one working 

month). The NRC in CFR 20 1003 and NIOSH in Dose Conversion Factors for Radon WLM 

identify the individual progeny that are included as "short-lived" daughters. Some of the 

extremely short-lived daughters are explicitly excluded in WL calculations because they would 

represent a very small number of atoms inhaled and add computational time without gaining 

significant precision gains. For this calculator, all short-lived progeny are considered for 

completeness because of modern computing advances. See details in sections 4.2 and 4.3 of 

https://epa-visl.oml.gov :8085/radionuclides/rvisl_guide html[ 4/14/2020 11 :24: 13 AM] 



RVISL User's Guide 

this user's guide to see how the inhalation fractional equilibrium (F eq) and activity equilibrium 

factor (,¾q) values were calculated for short-lived progeny. 

"Properties and behaviour of radon and thoron and their decay products in the air" (J. 

Porstendorfer, Journal of Aerosol Science, Vol 25:2, March 1994, pg 219-263) further supports 

the WL defin ition and conversion to pCi/L and offers insight on the consideration of radon 

daughter aerosols formation and deposition on surfaces. "Measurement of Equilibrium Factor 

'F eq' between Radon and its Progeny and Thoron and its Progeny in the Indoor Atmosphere 

Using Nuclear Track Detectors" (R. Ramola, Indoor and Built Environment, Vol12:351-355, 

2003) discusses the air exchange rate impact on radon progeny plating on surfaces and 

impacting the measured equilibrium in air. These papers present many of the difficulties in 

predicting and measuring Feq values due to seasonal atmospheric changes, building 

construction, surface plating, aerosol sizes, regional geology, air flow, etc. The F eq is important 

to establish for determining compliance with WL ARARs, such as the UMTRCA standards 

described in section 1.7 of this user's guide. Previous EPA guidance on complying with the 

UMTRCA standard as an ARAR at CERCLA sites assumed a Feq of 0.4 (40%) for Rn-222 and 

0.02 (2%) for Rn-220. These Feq values, which when applied to the 0.02 WL ARAR equate to 5 

pCi/L of Rn-222 or 7.5 pCi/L of Rn-220, were to be used to demonstrate compliance with the 

UMTRCA standard. Rn-219 does not have an UMTRCA standard. EPA's new guidance for 

ARAR compliance is to use this calculator w ith either default or site/building-specific air 

exchange rates to determine radon/thoron levels that comply w ith the 0.02 WL ARAR. 

For more information on evaluation of radon working levels, see question 17 in the Radiation 

Risk Assessment At CERCLA Sites: Q&A and question 7 in the Frequent Questions page on 

this site. Note that the RVISL calculator provides updated guidance developing screening 

levels (Sl s) or preliminary remediation goals (PRGs) for showing compliance with the 

UMTRCA indoor radon standards for radon-222 and radon-220. The RVISL therefore 

supersedes the approach for determining WL in question 17 of the guidance document 

"Radiation Risk Assessment At CERCLA Sites: Q & A" issued on May 2014. 

The following equation demostrates the conversion of the default Rn-222 RVISL in pCi/L to a 

WL while correcting for the F eq differences between the conversion and calculated values. The 

F eq in the conversion assumes 100% equilibrium (F eq=1 ), and the F eq for the RVISL is 

calculated based on the air exchange rate used. 

W L ( 5 ) Ci ( -3 ·] [ Feq (0.88) x 1 WL l 
RVISL 2.39 x 10- WL = RVISLP 2·

72 
x 

10 
pCI x ( 100 pCi ) 

Rn-222 Rn-222 L L 

1.9 Proble111s Predicting the Activity of Radiu111, Thorhnn and Actiniu111 
based on Radon, Thoron, and Actinon RVISLs 

Ra-226, Th-232, and Ac-227 are the namesakes and the long-lived near chain member 

sources of Rn-222, Rn-220, and Rn-219, respectively. In an ideal setting, the amount of solid 
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source is directly related to the amount of gas product via the fractional decay of the parent. 

Ra-226 and Th-232 have a straight decay chain to Rn-222 and Rn-220, respectively. Ac-227 

decay to Rn-219 is a branched decay chain; 98.6% of Ac-227 decays to Rn-219. Predicting the 

amount of radon gas available for vapor intrusion in the natural environment, however, is not 

an ideal setting. Several factors make it impossible for this calculator to confidently predict 

su itable default radon, thoron, and actinon target indoor air concentrations from subsurface 

(soil and groundwater) rad ium, thorium, and actinium concentrations. The IAEA has published 

Technical Report Series No. 474, Measurement and Calculation of Radon Releases from 

NORM Residues, that addresses many of these difficult ies. 

The newly formed radon atom must first escape from the ore material to the interstitial space 

between grains. This emanation happens when the recoil energy is sufficient for the radon 

atom to break from the ore grains. Once in the interstitial space, the radon must be able to be 

transported to the surface via diffusion and advective flow. Depending on the distance to the 

surface and media properties, the relatively short-lived radon may decay before exhalation to 

the atmosphere. Most recoiling atoms do not make it out of the ore material into the interstitial 

space and, because of the very small diffusion coefficient through dense minerals, even less 

atoms are likely to be exhaled to the atmosphere. 

Detailed modeling of the subsurface environment may be possible to estimate the amount of a 

solid source that results in gaseous exhalation. One such model is the NORM And LegacY Site 

Assessment (NORMAL YSA) software. This software is able to simulate transport from a 

source medium through clean cover layers to the surface. The User's Manual details how 

NORMAL YSA employs emanation, diffusion, and exhalation to predict radon air 

concentrations. Chapters 2 and 4 of TRS No. 474 present details on emanation coefficient 

determination that may be useful for site-specific analysis. 

2. Radon Vapor Intrusion Screening Level Equations 
This section presents the screening levels for human exposure to contaminated air. The equations and technical 

discussion are aimed at developing compliance levels for risk-based and dose-based RVISLs. The following text 

presents the land use equations and their exposure routes. Table 1 (section 5 of the User's Guide) presents the 

definitions of the variables and their default values. The default values are selected to represent the reasonably 

maximum exposed (RME) individual and generally represent the upper bounds of exposure. The default values 

and exposure models are consistent with the Chemical Vapor Intrusion Screening Level (VISL) calculator if the 

same pathways are addressed (e.g., inhalation) and are analogous if pathways are similar (e.g., external 

exposure). This calculator and the ~ both follow the recommendations in the OSWER Directive concerning 

use of exposure parameters from the 2011 Exposure Factors Handbook. Any alternative values or assumptions 

used in remedy evaluation or selection on a CERCLA site should be presented with supporting rationale in 

Administrative Records. 

2.1 Air Screening Level Equations 

The user can select risk-based or dose-based equations and either a resident or worker receptor. The 
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RVISL conversion to working levels (Wls) is also presented in the following sections. 

2.1.1 Resident Air 

This receptor spends all of the day at home. The resident is assumed to be exposed to 

contaminants via the following pathways: inhalation of ambient air and external radiation from 

contaminants in ambient air. To take into account the different inhalation rates for children and 

adults, age-adjusted intake equations were developed to account for changes in intake as the 

receptor ages. 

Graphical Representation 

RESIDENT 

Risk-Based Vapor Intrusion Screening Level Equations 

These are the risk-based equations for determining the protective resident air 

concentrations. 

Inhalation 
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C . . (pCij ) = TR 
res-,a-mh / m3 SF. [ risk/ -) x If A . [161 000 m3) 

1 /pC, re s-adJ ' 

where: 

IFA d. (161 ,000 m3 ) = 
res-a i 

( ( ) ( ) ( 3)) EF 350 days x ED 6 ears) x ET 24 hours x ~ x IRA 10 m + 
res-c ye ar res-c< Y res-c day (24 hours) res-c day 

( ( ) ( ) ( ) ( 3)) EF 350 days ED 20 ET 24 hours 1 day IRA 20 m 
res-a ~ x res-a ( years) x res-a ~ x 24 hours x res-a ~ 

Submersion 
c (pCi/ )= -~~-------T_R ________ _ 

res-ia-sub / m3 SF iiskJyoar x EF. (350 day;) x (~) x ED (26 ears) x ET ( 24 hours) x (~) x GSF (1.0) 
sub pCi/m3 1es year 365 days res y res day 24 hours a 

Total 

where: C. (p%i ) = 
inh 3 

m 

£ [ 1( 1m· ) i=1 C P 1 

res-ia-i:h m 3 

eq 

where: 

n = the number of progeny in the decay series 

Total Working Level Conversion 

C (WL) = C 2.___!_ X CF ( C) 
res-ia-tot-wl res-ia-tot L WL 

CF WL (Rn-219) = [F(!:L:;L] 
where: 

F = radon equilibrium factor for the given parent . 
eq 

Dose-Based Vapor Intrusion Screening Level Equations 

These are the dose-based equations for determining the protective resident air 

concentrations. 
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Inhalation 

DL (mrem) 
C . . (pCij ) = year 

res-1 a-mh / m3 ( ) ( 6 195 3 ) DCF. mrem x IFA . ' m 
1 pCi res-adj year 

where: 

( 3) IFA . 6 ,195 m = 
res-adj year 

( ( ) ( ) ( ) ( 3) ) EF 350 days x ET 24 hours x ~ x IRA 10 m x AAF O 23 + 
res-c year res-c day 24 hours re s-c day res-c ( · ) 

( ( ) ( ) ( ) ( 3) ) EF 350 days x ET 24 hours x ~ x IRA 20 m x AAF O 77 
res-a year res-a day 24 hours res-a day res-a ( · ) 

where: 

(

ED (S years)) ( ED (20 years)) AAF (0.23) = res-c and: AAF (0 .77) = ~C-8~5•-a __ _ 
res-c ED (26 years) res- a ED (26 years) 

ras ras 

Submersion 

C (fl% ) = DL(:::~) 

res-ia-sub m3 DCF ( mrem/year) x EF ( 350 days) x (~) x ET ( 24 hours) x (~) x GSF (1.0) 
sub pCi/m3 res year 365 days res day 24 hours a 

Total 

where: C. (p/mi ) = ~---
1
---~ and: C (p/mi )= ~----

1
---~ 

inh 3 n 1 sub 3 n 1 
m :E ~---~--~ m :E ~----~-~~ 

i= 
1 

Cres-ia-inh (Pim 3) i=
1 

Cres-ia-sub (Pim 3) 

A A 
eq eq 

where: 
n = the number of progeny in the decay series 

Total Working Level Conversion 

https://epa-visl.oml.gov:8085/radionuclides/rvisl_guide html[ 4/14/2020 11 :24: 13 AM] 



RVISL User's Guide 

C (WL) = C 2.__.!. x CF ( C) 
res-ia-tot-wl res-ia-tot L W L 

where: 

CF WL (Rn-222) = [F(~a:L::J J 

CF WL (Rn-220) = [F(f :;~L l 
CF WL (Rn-219) = [F(!:L:;L] 
where 

F = radon equilibrium factor for the given parent. 
eq 

2.1.2 Worker Air 

This long-term receptor is a full time employee working on-site who spends 8 hours of the 

workday indoors. The indoor worker is assumed to be exposed to contaminants via the 

following pathways: inhalation of ambient air and external radiation from contaminants in 

ambient air. 

Graphical Representation 
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IN DOOR WORKER 

I-

I 

Risk-Based Vapor Intrusion Screening Level Equations 

These are the risk-based equations for determining the protective industrial air 
concentrations. 

Inhalation 

Cw-ia-inh (p%3) = TR 
60 m3 

SF. (risk/c·) x EF ( 250 days) x ED (25 years) x ET ( 8 hours) x (~) x IRA 
1 / p1 1 w year w w day 24 hours w day 

Submersion 

C w-ia-sub (P%3) = SF (risk/year) x EF (250 days) x (~) x E; R (25 ears) x ET (8 hours) x (~) x GSF (1.0) 
sub pCVm3 w year 365 days w y w day 24 hours a 

Total 

C w-ia-tot (Pim 3) = 1 

C pC1/m3 
inh / m 

where C. (p/4· ) = 
inh 3 m 

and: c (p/mi )= sub 3 m 

where: 
n = the number of progeny in the decay series 
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Total Working Level Conversion 

C (WL) = C ~ X CF ( C) 
W-ia- tot-wl W-ia-tot L WL 

where: 

CF WL (Rn- 222) = [F(~a:L::J J 

CF WL (Rn-220) = [F(f :;~L l 
CF WL (Rn-219) = [F(!:L:;L] 
where: 

F = radon equilibrium factor for the given parent. 
eq 

Dose-Based Vapor Intrusion Screening Level Equations 

These are the dose-based equations for determining the protective industrial air 

concentrations. 

Inhalation 

DL(~) 
Cw-ia-inh (p%3) = ( ) ( ) (year ) ( ) 

DCF. mrem x EF 250 days x ET 8 hours x 1 day x IRA 
1 pC1 w year w da y 24 hours w 

Submersion 

DL( mrem) 

60 m3 

da y 

C (pCi/ ) = year 

w-ia-sub / m3 DCF ( mrem/year) x EF (250 days) x ( ~ ) x ET (8 hours) x (~) x GSF (1.0) 
sub pCi/m3 w year 365 days w da y 24 hours a 

Total 
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where: C. (p/mi ) = mh 3 m 
and: C (p/mi )= sub 3 m 

where 

n = the number of progeny in the decay series 

Total Working Level Conversion 

C (WU = C ~ X CF ( C) 
W-ia- tot-wl W-ia-tot L WL 

where: 

CF WL (Rn-222) = [F(~o:L::J J 

CF WL (Rn-220) = [F(i :;~L l 
CF WL (Rn-219) = [F(!:L:;L] 
where: 

F = radon equilibrium factor for the given parent. 
eq 

2.2 Groundwater Screening Level Equation 

This equation is used to determine the groundwater concentration protective of exposure to 

indoor air. The equation uses a groundwater attenuation factor and H'. For a groundwater 

source, a chemical is considered sufficiently volatile and toxic to pose an inhalation risk 

through vapor intrusion if the vapor concentration (calculated using the chemical's Henry's Law 

Constant at the groundwater temperature) corresponding to the chemical's solubility limit in 

water is greater than the target indoor air concentration. The groundwater attenuation factor is 

not considered in this comparison, although it is considered in the subsequent calculation of 

the target groundwater concentration. The target groundwater concentration corresponding to 

a chemical's target indoor air concentration is calculated by dividing the target indoor air 

concentration by an attenuation factor of 0.001 and then converting the vapor concentration to 
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an equivalent groundwater concentration, assuming equilibrium between the aqueous and 

vapor phases at the water table. The equilibrium partitioning is assumed to obey Henry's Law. 

The groundwater attenuation factor and the soil gas attenuation factors are never combined in 

this calculator. 

2.3 Soil Gas Screening Level Equation 

This equation is used to determine the soil gas concentration protective of exposure to indoor 

air. The soil gas attenuation factor used in the calculations is 0.03, which is the generic 

attenuation factor used for sub-slab gas in the 2002 draft vapor intrusion guidance. This 

attenuation factor is used for all soil gas data, as additional information collected after 

development of the 2002 draft vapor intrusion guidance (EPA 2002) suggests that external soil 

gas samples need to be evaluated as conservatively as sub-slab gas samples (EPA 201 0). 

The groundwater attenuation factor and the soil gas attenuation factors are never combined in 

this calculator. 

Ci,a'Target(P%3) 

AFss 

2.4 Vapor Intrusion Screening Level Supporting Equations 

Chemicals must be sufficiently volatile and toxic to pose inhalation risk via vapor intrusion from 

soil and groundwater sources. This is determined by calculating the chemicals pure phase 

vapor concentration and the groundwater vapor concentration. The soil gas vapor 

concentration and the groundwater vapor concentration must be greater than the air screening 

level to determine a VISL. No equations are neccessary for radon as they would be for other 

chemicals. 

• Pure Phase Vapor Pressure 

Radon and Thoron are considered sufficiently volatile and toxic to pose inhalation and external 

exposure risk via vapor intrusion from a soil source. 

• Groundwater Vapor Concentration 

Radon and Thoron are considered sufficiently volatile and toxic to pose inhalation and external 

exposure risk via vapor intrusion from a groundwater source. 
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3. Indoor Air Concentration, Cancer Risk, and Dose 
Calculation Equations 
This section presents the equations used to calculate the indoor air concentration, cancer risk, and dose from the 

user-provided soil gas and/or groundwater concentration. The equations and technical discussion are aimed at 

developing compliance levels for risk-based and dose-based RVISLs. The following text presents the land use 

equations and their exposure routes. Table 1 (section 5 of the User's Guide) presents the definitions of the 

variables and their default values. The default values are selected to represent the reasonably maximum 

exposed (RME) individual and generally represent the upper bounds of exposure. The default values and 

exposure models are consistent with the Chemical Vapor Intrusion Screening Level (VISL) calculator if the same 

pathways are addressed (e.g., inhalation) and are analogous if pathways are similar (e.g., external exposure). 

This calculator and the VISL both follow the recommendations in the OSWER Directive concerning use of 

exposure parameters from the 2011 Exposure Factors Handbook. Any alternative values or assumptions used in 

remedy evaluation or selection on a CERCLA site should be presented with supporting rationale in 

Administrative Records. 

3.1 Indoor Air Concentration Derived fro1n Soil Gas Concentration 
Equation 

This section presents the equation used to calculate the indoor air concentration from the user

provided soil gas concentration. 

3.2 Indoor Air Concentration Derived fro111 Groundwater Concentration 
Equation 

This section presents the equation used to calculate the indoor air concentration from the user

provided groundwater concentration. 

c. (pCij J = C (pCi/J x AF x (1000 L/ ) x H' 
1,a / m3 water IL gw / m3 gw 

3.3 Calculation of Cancer Risk and Dose fro1n Indoor Air Concentrations 

This section presents the chronic daily intake equations used to calculate the cancer risk and dose from 

indoor air concentrations. 

3.3.1 Risk-Based CDI Equations 
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3.3.1.1 Excess Lifetime Cancer Risk 

ELCR101 = ELCRinh + ELCRsub 

where: 

ELCR- h= ~ [ co 1(pCi) x SF (risk/c·) x A J 
In . 

1 
I / pp I eq . 

F I 

and: 

ELCR = ~ [coi ( pCi-yea% J x SF [ risk/year] 
sub . 1 m3 sub C .1 3 

1= p Im 

where: 

i = th e number of progeny in the decay se ries 

3.3.1.2 Resident Air 

Inhalation 

CDlres-ia-ra d- inh (pCi) = Ci.a ( p%3) x IFAres-a dj (161 .OOO m
3

) 

where: 

xA ] eq 
i 

IFA d. (1s 1poo m3 )= 
( ( ) ( ) ( ) ( 

3 ) ) 
EF 350 days ED 6 ET 24 hours 1 day IRA 10 m 

res-c ~ x res-c( years) x res-c ~ x 24hours x res-c ~ + 

res-a i 

( ( ) ( ) ( ) ( 3)) EF 350 days ED 20 ET 24 ho urs 1 day IRA 20 m 
res-a ~ x res-a ( yea rs) x re s-a ~ x 24 hours x re s-a day° 

Submersion 

COi . (pCi-yeor / ) = C ( pC i/ ) ' EF (350 da ys) x (~) • ED (26 eors) • Er (2A hours) x (....:!....!!..:) • GSF (1 0) 
res-1a-rad-sub-nodeca}' / m3 1,a ~ / m3 res yea1 365 da}'s r·es Y res da}1 24 hours a · 

3.3.1.2 Worker Air 

Inhalation 

COi . . (pCi) = C. (pCi/ ) x EF (250 days ) x ED (25 ears) x ET (8 hours ) x (~ ) x IRA (SO m3
) 

w-,a-rad-mh 1,a / m3 w year w y w da y 24 hours w day 

Submersion 

COi . (pCi-yeo r / ) = C. (pCi/ ) x EF (250 days) x [~) x ED (25 ears) x ET (8 hours) x ( ~ ) x GSF (1 □ ) 
w-1a-rad-sub / m3 1,a / m3 w ~ear 365 day w y w dav 24 hours a · 

3.3.2 Dose-Based CDI Equations 

3.3.2.1 Annual Dose 
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Dosetot (mrem) = Doseinh (m rem) +Dosesub (mrem) 
year year year 

where: 

Dose. h (mrem)= ~ [ col (pCi/ ) x DCf. (mremJ x A ) 
in year i=1 /year , pC1 eq i 

and: 

Dose (mrem)= ~ [col (pc/4· ) x DCF [mrem/year] 
sub year . 1 3 sub c ·i 3 F m p 1m 

xA] eq 
I 

where: 
i = the numbe r of progeny in the dee a y series 

3.3.2.2 Resident Air 

Inhalation 

COi ( pCi/ ) = C ( pCi/ ) IFA (6 ,1 95 m
3

) 
res-ia-inh / year i,a / m3 x res-adj year 

where: 

IFA 6 ,1 95 m = ( 3) 
EF 350 days x ET 24 hours x ~ x IRA 10 m x AAF O 23 + ( ( ) ( ) ( ) ( 3) ) res-c year res-c day 24hours res-c day res-c ( · ) 

res-adj year 

( ( ) ( ) ( ) ( 3) ) EF 350 days x ET 24 hours x ~ x IRA 20 m x MF O 77 
res-a year res-a day 24 hours res-a day res-a ( · ) 

where: 

M F (0.23) = (EDres-c('6 years)) and: AAF (0.77) = (EDres-a(20 years)) 
res-c ED (26 years) res-a ED (26 years) 

ras ras 

Submersion 

COi . (pCi/ ) = C. ( pCi/ ) x EF (350 days) x (~) x ET (24 hours) x (~) x GSF (1.0) 
res-1a-sub / m3 I,a / m3 res year 365 days res da y 24 hours a 

3.3.2.2 Worker Air 

Inhalation 

COi (pCi/ ) = C (pCi/ ) E F (250 days) x ET (8 hours) x ( 1 day ) x IRA (6□ m3 J 
w-ia-inh /year i,a / m3 x w year w day 24 ho urs w day 

Submersion 

COi . (pCij ) = C. (pCi/ ) x EF ( 250 da ys) x ( 1 year ) x ET ( 8 hours) x ( 1 day ) x GSF (l .O) 
w-ia-sub / m3 1,a / m3 w year 365 da ys w day 24 hours a 

4. Modifications of Standard Equations 
These are the conversions for modifying standard equations. 
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4.1 Modifications of Groundwater Te1nperatures 

The following equations are used to calculate Henry's Law Constant at various groundwater 

temperatures: 

• To Determine Henry's Law Constant at a Groundwater Temperature other than 
25 Degrees Celsius 

exp -
H' = 

where: 

and : 

where: 

IF [ ; :] <0.57 , then : rJ = 03; 

IF [ ;: ] >0.71 , then : ri = 0 .4 1; 

R ( 8.205E-05 atm-m3 /mol-°K) xTw ( °K) 

IF0.57 <[~:]<071 , then ij= [074, [~:] -0116] 
• To Determine Henry's Law Constant at a Groundwater Temperature of 25 
Degrees Celsius 

H LC (atm-m3 I ) x (1000 L/ 3 ) 
H

25 
= /mo~ K / m 

R (B.205 E-05 L-atr%tol-K) x T (298 15 K) 

4.2 Air Exchange Rates and Inhalation Fractional Equilibrhun Factor (F eq) 

The indoor air concentration of radon and progeny is dependent upon the air exchange rate 

within a given volume. The air exchange rate, otherwise known as air changes per hour (ACH), 
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is defined as the ratio of airflow to the total volume of air. As an example, an ACH value of 0.18 

would mean that eighteen percent of a given volume of air is exchanged per hour. The air 

exchange rate is related to an important parameter known as the inhalation fractional 

equilibrium factor (F eq) for estimating the level of detriment from radon inhalation. F eq has been 

researched for radon and thoron in various dwellings for many years (Chen & Harley, 2018 

Parts l and 11). The F eq is a unitless measurement of the disequilibrium associated with the 

decay of radon and its subsequent progeny. The Feq is useful for calculating the internal dose 

from radon, since most of the dose received is not from the radon parent itself but rather the 

alpha energies emitted from its progeny. The total progeny alpha energy emitted at any air 

exchange rate is divided by the total progeny alpha energy emitted at a state of equilibrium 

where no air exchanges are taking place within a given volume of air. At equilibrium, the value 

of the F eq is equal to one; however, a F eq of one is seldom measured due to conditions 

described in Section 1.1 and deposition on surfaces. As the air exchange rate in a given 

volume increases, the fractional equilibrium factor decreases. The F eq is only used in the 

working level (WL) conversions presented in Sections 1.8, 2.1 , and 2,2. A more detailed 

explanation of the F eq derivation is presented in ORNL 2019. 

4.3 Air Exchange Rates and Activity Equilibrhun Factor (Aeq) 

The activity equilibrium factor (Aeq) is defined as the ratio of progeny to parent activity 

concentrations at a given air exchange rate. For a straight decay chain, at zero air exchanges, 

the (Aeq) is equal to one and decrease as the air exchange rate increases. However, an Aeq of 

one is seldom measured due to conditions described in Section 1.1 and deposition on 

surfaces. The activity equilibrium factor is utilized in the RVISL air equations to calculate risk 

and dose for inhalation and submersion. The initial risks and doses (analogous to PRGs) 

assume that the radon decay chain members are in equilibrium with each other w ithout any air 

exchanges present. Therefore, the activity equilibrium factors modify the initial risks and doses 

for inhalation and submersion by accounting for the disequilibrium between radon and its 

progeny due to decay and air exchanges that are present. A default value of 0.18 air 

exchanges per hour was selected for the resident land use, and a default value of 0.6 air 

exchanges per hour for the industrial worker land use was selected from the "Update for 

Chapter 19 of the Exposure Factors Handbook" (EPA, 2018) for resident (Table 19-25) and 

commercial (Table 19-30) buildings using the tenth percentile values, which means 90% of 

structures would have a higher air exchange rate and thus a lower level of progeny which 

would result in less risk, dose, and WL. Users that may want to determine the air exchange 

rate for a particular building to justify changing the default should refer to section 4.4 of the 

User Guide. A more detailed explanation of the Aeq derivation is presented in ORNL 2019. 

4.4 Measure111ent of Air Exchange Rates 

The ACH can be a building-specific measurement, to provide a more accurate air 

contamination exposure assessment. The ACH is the exchange rate of indoor air w ith outdoor 

air, an important determinant for entry of outdoor air contaminants and for removal of indoor

emitted air contaminants. There is no EPA guidance on recommended methods for 

determining ACH. Breen (2014) presents an overview and critical analysis of the scientific 
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literature on empirical and physical air exchange rate models for residential and commercial 

buildings, which are feasible for exposure assessments. Models are included for the three 

types of airflows that can occur across building envelopes: leakage, natural ventilation, and 

mechanical ventilation. The paper provides guidance for selecting the preferable air exchange 

rate model based on available data, desired temporal resolution, types of airflows, and types of 

buildings included in the exposure assessment. The US EPA Indoor Air Quality website also 

provides information on HVAC use in buildings. There are also more detailed papers on 

particular air exchange measurement approaches (i.e., by placing tubes that emit and collect 

perfluorocarbon tracers throughout a building). The measurement of air exchange rates can be 

done by placing tubes that emit and collect perfluorocarbon tracers throughout a building 

(CDC, 2018). Guidance on placement of the tubes can be found in "Research Operating 

Procedure 1 o for Placement of PEI Emitters and Collection Tubes in DEARS" (Thornburg, 

2005). 

5. Recommended Default Exposure Parameters 
Table 1 presents the definitions of the variables and their default values. The default values are selected to 

represent the reasonably maximum exposed (RME) individual and generally represent the upper bounds of 

exposure. The RVISL default values and exposure models are consistent with the chemical VISL calculator. The 

VISL and RVISL calculator default values are consistent where the same pathways are addressed. This 

calculator follows the recommendations in the OSWER Directive concerning use of exposure parameters from 

the 2011 Exposure Factors Handbook. Any alternative values or assumptions used in remedy evaluation or 

selection on a CERCLA site should be presented with supporting rationale in Administrative Records. 

Table 1. Reconunended Default Exposure Parameters 

Symbol 

Cres-ia-inh-decay 

Cres-ia-sub-decay 

Cres-ia-tot-decay 

Cres-ia-inh-nodecay 

Cres-ia-sub-

Definition (units) 

VISLs 

Resident Air Inhalation with Half-Life 

Decay (pCi/m3) 

Resident Air Submersion with Half-Life 

Decay (pCi-year/m3) 

Resident Air Total with Half-Life Decay 

(pCi/m3) 

Resident Air Inhalation without Half-Life 

Decay (pCi/m3) 

Resident Air Submersion without Half-
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Isotope-specific 

Isotope-specific 

Isotope-specific 

Isotope-specific 

Isotope-specific 

Reference 

Determined in this 

calculator 

Determined in this 

calculator 

Determined in this 

calculator 

Determined in this 

calculator 

Determined in this 
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nodecay Life Decay (pCi-year/m3) calculator 

Cres-ia-tot-nodecay 
Resident Air Total without Half-Life 

Isotope-specific 
Determined in this 

Decay (pCi/m3) calculator 

Cw-ia-inh-decay 
Worker Air Inhalation with Half-Life 

Isotope-specific 
Determined in this 

Decay (pCi/m3) calculator 

Cw-ia-sub-decay 
Worker Air Submersion with Half-Life 

Isotope-specific 
Determined in this 

Decay (pCi-year/m3) calculator 

Cw-ia-tot-decay 
Worker Air Total w ith Half-Life Decay 

Isotope-specific 
Determined in this 

(pCi/m3) calculator 

Cw-ia-inh-nodecay 
Worker Air Inhalation without Half-Life 

Isotope-specific 
Determined in this 

Decay (pCi/m3) calculator 

Cw-ia-sub-nodecay 
Worker Air Submersion without Half-Life 

Isotope-specific 
Determined in this 

Decay (pCi-year/m3) calculator 

Cw-ia-tot-nodecay 
Worker Air Total w ithout Half-Life Decay 

Isotope-specific 
Determined in this 

(pCi/m3) calculator 

Cgw Groundwater Screening Level (pCi/L) Isotope-Specific 
Determined in this 

calculator 

Csg Soil Gas Screening Level (pCi/m3) Isotope-Specific 
Determined in this 

calculator 

COis 

CDlres-ia-inh- Resident Air Inhalation with Half-Life 
Isotope-specific 

Determined in this 

decay Decay (pCi/m3) calculator 

CD I res-ia-sub- Resident Air Submersion with Half-Life 
Isotope-specific 

Determined in this 

decay Decay (pCi/m3) calculator 

CDlres-ia-inh- Resident Air Inhalation without Half-Life 
Isotope-specific 

Determined in this 

nodecay Decay (pCi/m3) calculator 

CD I res-ia-sub- Resident Air Submersion without Half-
Isotope-specific 

Determined in this 

nodecay Life Decay (pCi/m3) calculator 
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CD lw-ia-inh-decay 
Worker Air Inhalation with Half-Life 

Isotope-specific 
Determined in this 

Decay (pCi/m3) calculator 

CD lw-ia-sub-decay 
Worker Air Submersion with Half-Life 

Isotope-specific 
Determined in this 

Decay (pCi/m3) calculator 

CDlw-ia-inh- Worker Air Inhalation without Half-Life 
Isotope-specific 

Determined in this 

nodecay Decay (pCi/m3) calculator 

CD lw-ia-sub- Worker Air Submersion without Half-Life Determined in this 

Decay (pCi/m3) 
Isotope-specific 

calculator nodecay 

Toxicity Values 

SFi Slope Factor - inhalation (risk/pCi) Isotope-specific ORNL 2014 

Slope Factor - submersion (risk/year per 

SF sub 
pCi/cm3): For use in this tool , ORNL 

2014c units were converted to (risk/year 
Isotope-specific ORNL 2014 

per pCi/m3) 

DCFi 
Dose Conversion Factor - inhalation 

Isotope-specific ORNL 2014 
(mrem/pCi) 

Dose Conversion Factor - submersion 

DCFsub 
(mrem/year per pCi/cm3): For use in this 

Isotope-specific ORNL 2014 
tool, ORNL 2014c units were converted 

to (risk/year per pCi/m3) 

Miscellaneous Variables 

TCR Target Cancer Risk 1 X 10-6 Selected by user 

ACH Air Exchanges per Hour 
0.18 resident; EPA 2018 Table 19-

0.6 industrial 25 and Table 19-30 

Feq Radon Equilibrium Factor Isotope-Specific ORNL 2019 

Aeq Activity Equilibrium Factor Isotope-Specific ORNL 2019 

ELCR Excess Lifetime Cancer Risk Isotope-Specific 
Determined in this 

calculator 
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COi 

H v,gw 

H' 

HLC 

H'Tgw 

HLCT9w 

T 

Tgw 

Tc 

Tb 

n 

s 

Chronic Daily Intake 

Enthalpy of vaporization at the normal 

boiling point (cal/mol) 

Enthalpy of vaporization at temperature 

of groundwater(cal/mol) 

Dimensionless Henry's Law Constant at 

2 5°Celsius (unitless) 

Henry's Law Constant at 2 5°Celsius 

(atm-m3 per mole) 

Dimensionless Henry's Law Constant for 

Groundwater Temperatures other than 2 

5°Celsius 

Henry's Law Constant for Groundwater 

Temperatures other than 2 5°Celsius 

(atm-m3 per mole) 

Absolute Temperature (Kelvin) 

Groundwater Temperatures (Kelvin) 

Critical Temperatures (Kelvin) 

Normal Boiling Point (Kelvin) 

If (Tboil!Tcrit < 0.57) 

If (Tboil!Tcrit > 0.71 ) 

If (0.57 < T boil/T crit ~ 0.71 ) 

Water Solubility Limit (mg/L) 
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Isotope-Specific 

Isotope-Specific 

Isotope-Specific 

Isotope-Specific 

Isotope-Specific 

Isotope-Specific 

Isotope-Specific 

298.1 5 

Site-specific 

Isotope-Specific 

Isotope-Specific 

n = 0.3 

n = 0.41 

n = (0.74 X 

T boil/T crit -
0.116) 

Isotope-Specific 

Determined in this 

calculator 

See Radon-specific 

Parameters 

Determined in this 

calculator 

See Radon-specific 

Parameters 

See Radon-specific 

Parameters 

See Radon-specific 

Parameters 

See Radon-specific 

Parameters 

Equivalent to 2 

5°Celcius 

User-provided 

See Radon-specific 

Parameters 

See Radon-specific 

Parameters 

U.S. EPA Fact Sheet: 

Unitless exponent 

values used to 

detemine H v,gw 

See Radon-specific 

Parameters 
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R 
Universal Gas Constant (L-atm/mole-

degrees K) 
0.082057 U.S. EPA Fact Sheet 

RC 
Universal Gas Constant (cal/mole-

1.9872 U.S. EPA Fact Sheet 
degree K) 

MW Molecular Weight (g/mole) Isotope-Specific 
See Radon-specific 

Parameters 

AFss Attenuation Factor Sub-Slab (unitless) 0.03 U.S. EPA 2014 

AFgw 
Attenuation Factor Groundwater 

0.001 U.S. EPA 2014 
(unitless) 

Radon is an 

inert gas and the 

LEL Lower Explosive Limit (% by volume) 
LEL is not of See Radon-specific 

concern as it Parameters 

would be for 

chemicals. 

Cvp Pure Phase Vapor Concentration Isotope-Specific 
Determined in this 

calculator 

Target Groundwater Concentration 
Determined in this 

Cgw Isotope-Specific calculator or 
(pCi/L) 

Entered by user 

Determined in this 

Csg Target Soil Gas Concentration (pCi/m3) Isotope-Specific calculator or 

Entered by user 

Determined in this 
C· ,Target 

1,a Target Indoor Air Concentration (pCi/m3) Isotope-Specific calculator or 

Entered by user 

GSFa Gamma Shielding Factor - Air (unitless) 1 
Developed for Radon 

VISL Calculator 

Exposure Frequency, Exposure Duration, and Exposure Time Variables 

Resident Exposure Frequency U.S. EPA 1991a (pg. 
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EFres 
(days/year) 

350 
.1fil 

EFres-c 
Resident Exposure Frequency - child 

350 
U.S. EPA 1991a (pg. 

(days/year) .1fil 

EFres-a 
Resident Exposure Frequency - adult 

350 
U.S. EPA 1991a (pg. 

(days/year) .1fil 

EFw Worker Exposure Frequency (days/year) 250 
U.S. EPA 1991a (pg. 

.1fil 

EPA2011, Table 16-

108; 90th percentile 
EDres Resident Exposure Duration (year) 26 

for current residence 

time. 

EDres-c 
Resident Exposure Duration - child 

6 
U.S. EPA 1991a (pg. 

(year) .1fil 

EDres-a 
Resident Exposure Duration - adult 

20 
EDres (26 years) -

(year) EDres-c (6 years) 

EDw Worker Exposure Duration - (year) 25 
U.S. EPA 1991a (pg. 

.1fil 

ETres Resident Air Exposure Time (hours/day) 24 The whole day 

ETres-c 
Resident Air Exposure Time - child 

24 The whole day 
(hours/day) 

ET res-a 
Resident Air Exposure Time - adult 

24 The whole day 
(hours/day) 

ETw Worker Air Exposure Time (hours/day) 8 The work day 

IRAres-c Resident Inhalation Rate - child (m3/day) 10 
U.S. EPA 1991a (pg. 

.1fil 

IRAres-a 
Resident Inhalation Rate - adult 

20 
U.S. EPA 1991a (pg. 

(m3/day) .1fil 

Resident Age-Adjusted Inhalation 
Calculated using the 
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IF Ares 
Fraction (m3) 

Worker Inhalation Rate (m3/day; based 

on a rate of 2.5 m3/hour for 24 hours) 
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Table No. (If 
applicable) Other Descriptor Comment EPA Resolution

Williams A1 Overview 2 Welcome General 
Comment

My background is in chemical vapor intrusion (PVI and CVI) and natually occuring radon. From a user with that background, and the fact 
that the green box takes a person to the chemical VISL page, it took several times reading the title and then the intruduction to sort out 
that the radon that being discussed is from radionuclide contaminantion and not naturally occuring radon or from chemical vapor 
intrusion, especially as the figure you are using is the exact same figure that was generaterd for chemical vapor intrusion and the links 
take you to the VISL vs the RVISL. I would recommend making the title more specific and/or adding sometype of call-out box so that when 
someone hits the homepage that it is clearer what type of vapor intrusion they are dealing with. 

Williams A1 Overview 2 Figure Figure Recommend that a figure for RVISL be different then what is used for the chemical VISL similar to the figures in the user guide

Williams A1 Overview 2 Figure Figure Figure did not appear correctly on the website and only was observable on the supplied PDF

Williams A1 Overview 2 Figure Figure

This figure is typically associated with chemical vapor intrusion. I would recommend that you change the language so that it states:

This figure depicts the migration of radon from radionuclide contaminants in soil gas from contaminated soil and groundwater into 
buildings. Radon in soil gas from radionuclide contaminants is shown to enter buildings through cracks in the foundation and openings for  
utility lines similar to other forms of contamination. Atmospheric conditions and building ventilation are shown to influence radon soil 
gas intrusion.

Williams A1 Overview 2 Figure Figure Recommend that you do not start with the figure.  Move the figure down.

Williams A1 Overview 20-23 Figure  the Preliminary Remediation Goals link takes you to the right page but the "What's New", "User's Guide",  "Frequently Asked Questions" 
and "Fact Sheet" links do not.

Williams A1 Overview Call out box Green callout 
box

All links in the green box titled "Radon Vapor Intrusion Screening Levels (RVISL)" actually takes you to the EPA's VISL 
(https://www.epa.gov/vaporintrusion/vapor-intrusion-screening-level-calculator) and not the radon-VISL page

A1 6-28

Recommend the first paragraph be broken apart as follows for clarity: 

Welcome to the "Radon Vapor Intrusion Screening Level (RVISL) Calculator Home Page for Radionuclide Contaminants at Superfund 
Sites". This website was developed with DOE's Oak Ridge National Laboratory (ORNL) under an Interagency Agreement with the U.S. 
Environmental Protection Agency (EPA). 

The RVISL website is now the generally recommended source of radon screening levels for all EPA regions. The RVISL calculator output 
provides comparison values and risk and dose estimates for residential and commercial/industrial exposures to radon in soil gas, air, and 
groundwater. The unified use of the RVISLs to screen radon at Superfund sites promotes national consistency. The RVISL uses the same 
database of toxicity values, chemical parameters, and inhalation exposure equations as the Preliminary Remediation Goals (PRGs) for 
Radionuclide Contaminants at Superfund Sites calculator.

Note that for Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) remedial actions, dose assessment 
is generally done only to show compliance with a dose-based Applicable or Relevant and Appropriate Requirement (ARAR). 

The RVISL calculator provides default parameters that can be modified to reflect site-specific risks. In addition, the calculator presents the 
option to compare the indoor air concentration, entered by the user or derived from groundwater or soil gas activities, to state standards 
or Uranium Mill Tailings Radiation Control Act (UMTRCA) standards, which also may be potential ARARs. If the calculator is used with non-
default inputs in a decision on a Superfund site, it is recommended that the inputs be clearly identified and justified by the user.

To ensure proper use of the calculator, please review the What's New, User's Guide, and Frequently Asked Questions links. 

The EPA has prepared a fact sheet for the general public that describes RVISL uses, RVISL calculator operation, and land uses available for 
assessment. Additionally, this fact sheet describes the RVISL content in greater detail for EPA staff. 

Williams Overview 29-49 Recommend the 2nd and 3rd paragraph be moved from the Welcome and into the introduction

Williams
Note similar to "Note that for Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) remedial actions, dose 
assessment is generally done only to show compliance with a dose-based Applicable or Relevant and Appropriate Requirement (ARAR)." 
should be in a call out box. 

Williams A1 Overview Call out box Green callout box Recommend that the first paragraph be broken apart to make it easier to read

MATRIX OF PEER REVIEW COMMENTS  Radon Vapor Intrusion Screening Level Calculator
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dropdown arrow 
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Williams A1 Overview Homepage and 
Overall Website

Is the website clearly organized, described, easy to navigate, and generally “user friendly” and appropriate for the target audience? 
The welcome section provides good information but it needs to be simplified with similar topics moved together. When the website is 
final the links will make it easy to navigate and user friendly, but they currently are not pointing to the right documents. Theinfo 
contained is appropriate, but it is hard to absorb as some of the thoughts are broken apart.

Also there needs to be some care as the document uses alot of the information in the VISL for the RVISL and it sometimes is not clear that 
the concepts and science used in the development of the RVISLs is based in part on the work and concepts utilized in the VISL. It is also 
not clear if teh RVISL will be completely different than the VISL or if it will be incorporated into it

If not, what do you recommend? 
Breaking apart some of the longer paragraphs and keeping some of the similar info and thoughts together. Also providing some basic 
infomration on the infomration that is being applied from the VISL in a unique chapter that describes vapor intrusion in general and then 
how radon vapor intrusion is similar.

Williams A2 Overview Homepage and 
Overall Website

Have the objectives of the RVISL calculator, as stated in the documentation, been met?
The objectives should be more clearly and simply stated so it is hard to understand if they have been met.  
 
 If not, what do you recommend?
Clearly state what the objective is. It appears that besides the calculator that there is another goal to provide updated guidance on how to 
develop screening values. There might be others.

Williams A2 Overview 10 Homepage and 
Overall Website

"The RVISL calculator provides updated guidance for developing screening levels (SLs) or preliminary remediation goals (PRGs)" is 
technically not correct. The website is providing the updated guidance and the calc is providing calculated cleanup values.

Williams A3 Overview Homepage and 
Overall Website

Do you recommend any modifications to the Homepage graphic?
Understanding that that CVI and PVI behaves similarly to radon VI, it might be more appropriate to develop a specific graphic for RVI or 
instead of using it as a RVI graphic use the graphic as a more general represenation of VI in general. would recommend using the graphic 
on Page 14 and 18 of the UseGguide or a similar one/color scheme. 

Williams A4 Overview Homepage and 
Overall Website

Do you have any other recommendations to improve the usability of the website?
I think as radon is using a lot of the similar concepts of VI and that web page that there is some additions to that web page that point a 
user to the radon VI web page.

Williams B1 User's Guide User's Guide

Does the User’s Guide adequately explain the concepts addressed by the calculator and its limitations?
No. If it does, the chapter titles do not make it clear on where a person would go to even find it. The chapter section titles (e.g., 1. 
Understanding the RVISL Website and 2. Radon Vapor Intrusion Screening Level Equations) do not point to where the information can be 
found for a user. It does discus how radon concentration are influenced but it does not appeare to describe how the calculator addresses 
it.

Williams B2 User's Guide User's Guide
Are the assumptions clear and reasonable? If not, what do you recommend?
The asumptions shoud be provided under a single section of the report. 

Williams B3 User's Guide User's Guide

Are the sources and citations appropriate, and do they represent the current state of knowledge?
Based on my understanding of the VISL the references seam applicable.

Williams C1 FAQs 87 Frequent 
Questions

Are the 11 questions clearly worded? If not, what do you recommend?
Q2 - Doesn't really tell the user how "To change the attenuation factors." There is alot of info here that is not related to the specific 
question. Recommend that the question is answered with additional detail and the rest is removed or moved to a different FAQ if the 
developer feels that it is important.

Williams C1 FAQs 147 Frequent 
Questions

Are the 11 questions clearly worded? If not, what do you recommend?
Q5 - The first paragraph answers the question. The second paragraph should be moved to a unique FAQ

Williams C2 FAQs 87 and 147 Frequent 
Questions

Are the 11 responses clear, concise, and accurate? If not, what do you recommend?
The recommendations are provided under charge question C1

Williams C3 FAQs 87 and 147 Frequent 
Questions

Are there other helpful questions and answers that should be added? If yes, please list the questions.
Recommendations include breaking questions Q2 and Q5 into 2 different questions.

Williams D1 Calculator
Are the results clearly explained and presented? If not, what do you recommend?

Link to the calculator did not go to the RVISL and therefore no comments can be provided

Williams D2 Calculator

Are the results appropriately described and qualified (to the extent that they may be relied upon and defended)? If not, what do you 
recommend?

Link to the calculator did not go to the RVISL and therefore no comments can be provided
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Williams D3 Calculator

Do the results provide defensible explanation of how they were derived, or are they the result of a “black box?” Do you recommend 
anything different? 

Link to the calculator did not go to the RVISL and therefore no comments can be provided

Williams D4 Calculator

RVISL calculation of the equilibrium level (Feq) of radon progeny that would be present in indoor air is based on air exchange rate. 
Should other mechanisms (seasonal atmospheric changes, building construction, surface plating, aerosol sizes, regional geology, air 
flow) be incorporated in the calculation? 

Link to the calculator did not go to the RVISL and therefore no comments can be provided

Williams A1 Overview 57-62 Introduction Homepage and 
Overall Website

This paragraph seems out of place.

Williams A1 Overview 59 Introduction Homepage and 
Overall Website

The "chain link in the "Click the decay chain link" should be a link to where you want the user to go.

Williams A1 Overview 57-62 Introduction Homepage and 
Overall Website

"Click the decay chain link to see the decay series for Rn-222, Rn-220, and Rn-219. The metal groups in these images are based on Los 
Alamos National Laboratory literature. See section 2.2 of the User's Guide to learn what progeny are evaluated in this web calculator. 
More details about the decay chains can be found in the EPA's Decay Chain Tool."  This is an example where there appears to be the same 
though separated by a different one.  

"Click the decay chain link to see the decay series for Rn-222, Rn-220, and Rn-219." AND "More details about the decay chains can be 
found in the EPA's Decay Chain Tool." is the same thought and could be combined  and the other sentence "See section 2.2 of the User's 
Guide to learn what progeny are evaluated in this web calculator." can be moved to the end.

Williams A1 71-73 Introduction Homepage and Overall WLinks go to the wrong page
Williams C1 FAQs 82 1 Question 1 It should be made clear that this 
Williams B2 User's Guide Introduction It should be made clear that the RVISL calculator doesn t provide the updated guidance, the user guide does. 

B2 User's Guide Introduction What the RVISL supersedes is an important concept that should be moved to a callout box to provided added emphasis 

Williams B2 User's Guide Introduction
I would break the following into a callout box to emphasize: "Note that for Comprehensive Environmental Response, Compensation, and 
LiabilityAct (CERCLA) remedial actions, dose assessment is generally done only to show compliance with adose based Applicable or 
Relevant and Appropriate Requirement (ARAR)." 

Williams B2 User's Guide Introduction

 This seams to be pretty important and should be called out or emphasized by making only this statement bold: "The RVISL therefore 
supersedes the risk assessment approach in Preliminary Remediation Goals for Radionuclides in Buildings (BPRG) electronic calculator, 
the dose assessment approach in ARAR Dose Compliance Concentrations Goals for Radionuclides in Buildings (BDCC) electronic 
calculator, and Q17 of the guidance document "Radiation Risk Assessment At CERCLA Sites: Q & A" issued on May 2014.

Williams B2 User's Guide Introduction There should be some description and overview of each section that is in the user's guide

Williams B2 User's Guide 1.1 This section identifies specific factors that may render the use of the values inappropraite, but it should also provide direction on what to 
do and that the values should not be used.

Williams B2 User's Guide 1.1 It would seam that the concentration of radon (in vapor though not specific) in a building also depends on the distance of the vapor 
source to the building.

Williams B2 User's Guide 1.3

This statement is important and should be moved to the beginning of the document as well 
"EPA classifies all radionuclides as Group A carcinogens ("carcinogenic to humans"). Group A classification is used only when there is 
sufficient evidence from epidemiologic studies to
support a causal association between exposure to the agents and cancer. The following sections discuss the sources of inhalation and 
external exposure via submersion in gas cloud
SFs and DCFs used in this cal..."

Williams B2 User's Guide 1.5.2 Is the "One-Hit Rule" a specific rule or just a "concept" Further explanation is warranted.

Williams B2 User's Guide 2

Section 2. Radon Vapor Intrusion Screening Level Equations states: This section presents the screening levels for human exposure to 
contaminated air. This is not correct. This section provides the equations that are used in the RVISL (but also in combination with Sections 
3 and 4 as well.The equations and technical
discussion are aimed at developing compliance levels for risk-based and dose-based RVISLs. 

Williams B2 User's Guide 2.1.1 It appears that the "graphical representation" is alligned with a conceptual site model. Conceptual site model is the term that is used in 
the VISL and in discussion VI  it should be 

Williams B2 User's Guide 2.1.1 Recommended to use this graphic as part of the overview along with the figure in 2.1.2

Williams B2 User's Guide 2.1.2 It appears that the "graphical representation" is alligned with a conceptual site model. Conceptual site model is the term that is used in 
the VISL and in discussion VI  it should be 

Williams B2 User's Guide 2.1.2 Recommended to use this graphic as part of the overview along with the figure in 2.1.1
Williams B2 User's Guide 2 Sections 2, 3, 4 are all equations and should be placed in a single chapter for ease of dscussion
Williams B2 User's Guide 3 Sections 2  3  4 are all equations and should be placed in a single chapter for ease of dscussion
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Williams B2 User's Guide 4 Sections 2, 3, 4 are all equations and should be placed in a single chapter for ease of dscussion

Williams B2 User's Guide 4.2 Air Exchange Rates is described differently then what is presented in EPA's VISL documentation and should be alligned with that 
definition

Williams B2 User's Guide 4.2 Inhalation Fractional Equilibrium Factor is unique to radon and it should be emphasiszed that it is different then chemical VI and how it 
impacts the calculated results

Williams B2 User's Guide 4.4 The collection of ACH should also be descrbed to the user it the calc will allow an inputed value and where it place it

Williams B2 User's Guide General Comment There should be some screen shots of the actual input screen with a descritption of what inputs are placed in each section.

Williams B2 User's Guide 5 Some of the input values are not specifically input paramters so a more generic term would be appropraite
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 1 

Figure caption: This figure depicts the migration of radon in soil gas from contaminated soil and groundwater 2 
into buildings. Radon in soil gas is shown to enter buildings through cracks in the foundation and openings for 3 
utility lines. Atmospheric conditions and building ventilation are shown to influence radon soil gas intrusion. 4 

Welcome 5 

Welcome to the "Radon Vapor Intrusion Screening Level (RVISL) Calculator Home Page for 6 
Radionuclide Contaminants at Superfund Sites". This website was developed with DOE's Oak 7 
Ridge National Laboratory (ORNL) under an Interagency Agreement with the U.S. Environmental 8 
Protection Agency (EPA). The RVISL website is now the generally recommended source of radon 9 
screening levels for all EPA regions. The RVISL calculator output provides comparison values and 10 
risk and dose estimates for residential and commercial/industrial exposures to radon in soil gas, 11 
air, and groundwater. Note that for Comprehensive Environmental Response, Compensation, and 12 
Liability Act (CERCLA) remedial actions, dose assessment is generally done only to show 13 
compliance with a dose-based Applicable or Relevant and Appropriate Requirement (ARAR). In 14 
addition, the calculator presents the option to compare the indoor air concentration, entered by 15 
the user or derived from groundwater or soil gas activities, to state standards or Uranium Mill 16 
Tailings Radiation Control Act (UMTRCA) standards, which also may be potential ARARs. The 17 
unified use of the RVISLs to screen radon at Superfund sites promotes national consistency. The 18 
RVISL uses the same database of toxicity values, chemical parameters, and inhalation exposure 19 
equations as the Preliminary Remediation Goals (PRGs) for Radionuclide Contaminants at 20 
Superfund Sites calculator. The RVISL calculator provides default parameters that can be 21 
modified to reflect site-specific risks. To ensure proper use of the calculator, please review 22 
the What's New, User's Guide, and Frequently Asked Questions links. The EPA has prepared a fact 23 
sheet for the general public that describes RVISL uses, RVISL calculator operation, and land uses 24 
available for assessment. Additionally, this fact sheet describes the RVISL content in greater detail 25 
for EPA staff. Below is a general description of screening levels for radon. If the calculator is used 26 
with non-default inputs in a decision on a Superfund site, it is recommended that the inputs be 27 
clearly identified and justified by the user. 28 

The RVISL calculator provides updated guidance for developing screening levels (SLs) or 29 
preliminary remediation goals (PRGs) for indoor radon-222, radon-220, and radon-219 that are 30 

water table 
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risk- or dose-based and for showing compliance with the UMTRCA indoor radon standards for 31 
radon-222 and radon-220. The RVISL, therefore, supersedes the risk assessment approach in 32 
Preliminary Remediation Goals for Radionuclides in Buildings (BPRG) electronic calculator, the 33 
dose assessment approach in ARAR Dose Compliance Concentrations Goals for Radionuclides in 34 
Buildings (BDCC) electronic calculator, and Q17 of the guidance document "Radiation Risk 35 
Assessment At CERCLA Sites: Q & A" issued on May 2014. Computer codes such as the RVISL, 36 
which were developed to predict potential human exposure from radon concentrations in indoor 37 
air, are based on simplified equations and assumptions and are highly imprecise for an individual 38 
house or structure. EPA would recommend, where possible, Regions use measurements of radon 39 
indoors rather than rely on the transport portions of the RVISL. In particular, testing of 40 
groundwater or soil gas is not required to demonstrate compliance with RVISL WL, pCi/L, risk, or 41 
dose targets. 42 

Users should note that since background radon levels are typically outside the risk range, the 43 
RVISL calculator is likely to be used primarily for ARAR compliance. For example, the UMTRCA 44 
indoor radon standards 40 CFR 192.12(b)(1) and 192.41(b) were identified as likely Federal ARARs 45 
for Rn-222 and Rn-220 in Attachment A of the EPA guidance document "Establishment of Cleanup 46 
Levels for CERCLA Sites with Radioactive Contamination." There are some state standards 47 
expressed in pCi/l or mrem/yr that, if more stringent than the UMTRCA standards, may be 48 
selected as ARARs. 49 

Introduction 50 

Superfund sites are addressed under the authority of the Comprehensive Environmental 51 
Response, Compensation, and Liability Act (CERCLA) of 1980, which was amended by the 1986 52 
Superfund Amendments and Reauthorization Act. The purpose of this website is to provide a 53 
screening level calculation tool to assist risk assessors, remedial project managers, and others 54 
involved with risk assessment and decision-making at CERCLA sites in developing or refining 55 
screening levels. 56 

Rn-222 is commonly refered to radon because of its parent radium-226. Rn-220 is commonly 57 
called thoron because of its parent thorium. Rn-219 is commonly called actinon because of its 58 
parent actinium. Click the decay chain link to see the decay series for Rn-222, Rn-220, and Rn-219. 59 
The metal groups in these images are based on Los Alamos National Laboratory literature. See 60 
section 2.2 of the User's Guide to learn what progeny are evaluated in this web calculator. More 61 
details about the decay chains can be found in the EPA's Decay Chain Tool. 62 

This tool is based on the Technical Guide for Assessing and Mitigating the Vapor Intrusion 63 
Pathway from Subsurface Vapor Sources to Indoor Air (June 2015). Vapor intrusion occurs when 64 
there is a migration of vapor-forming chemicals or radon from any subsurface source into an 65 
overlying building. Recognition of soil vapor intrusion to buildings and other enclosed spaces 66 
occurred in the 1980s with concerns over radon intrusion. Subsequently, there was an increasing 67 
awareness that anthropogenic chemicals (e.g., petroleum hydrocarbons and chlorinated 68 
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solvents) in soil, groundwater, and sewers and drainlines could also pose threats to indoor air 69 
quality via the vapor intrusion pathway. 70 

The RVISL calculator results were previously verified. The documentation from these may be seen 71 
on the Internal Verification and External Verification pages. The RVISL calculator was also 72 
previously peer reviewed, and the documentation of the review may be seen here. 73 

Chemicals are not addressed on this website. For chemical vapor intrusion, please go to EPA's 74 
Vapor Intrusion Screening Level Calculator. 75 

Note: No consideration is given to ecological effects in the values presented in this calculator. 76 

Frequently Asked Questions 77 

This page presents many questions asked by site users and the applicable responses. Please 78 
search this page for answers to your questions prior to contacting technical support staff. 79 
Researching the questions and answers posted here will greatly reduce the time it takes for 80 
you to solve many problems that arise from calculating and using this SL site. 81 

1. What are RVISLs? How are they used? 82 

RVISLs are preliminary remediation goal concentrations for groundwater, soil gas (sub-83 
slab and exterior), and indoor air to assist Agency staff with making a vapor intrusion 84 
determination based on limited, initial data. 85 

2. How can I change attenuation factors? 86 

To change the attenuation factors, run the calculator; the main page has editable cells 87 
with the default factors presented. 88 

The screening levels for groundwater and soil gas (either sub-slab gas or soil gas 89 
collected exterior to buildings) are calculated from the target indoor air concentrations 90 
using empirically-based conservative "generic" attenuation factors that reflect 91 
generally reasonable worst-case conditions, as described in the EPA's vapor intrusion 92 
guidance. 93 

A critical assumption for this generic model is that site-specific subsurface 94 
characteristics will tend to reduce or attenuate soil gas concentrations as vapors 95 
migrate upward from the source and into overlying structures. Specific factors that may 96 
result in relatively unattenuated or enhanced transport of vapors into a building 97 
include the following: 98 

o Significant openings to the subsurface that facilitate soil gas entry into the building 99 
(e.g., sumps, unlined crawl spaces, earthen floors) other than typical utility 100 
penetrations. 101 
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o Very shallow groundwater sources (e.g., depths to water less than five feet below 102 
foundation level) 103 

o Significant routes for preferential, subsurface vapor migration whether naturally 104 
occurring (e.g., fractured bedrock) or anthropogenic. 105 

The factors listed above may negate the appropriate application of the recommended 106 
attenuation factors and the sub-slab, groundwater, and soil gas VISLs for purposes of 107 
identifying sites or buildings unlikely to pose a health concern through the vapor 108 
intrusion pathway. On the other hand, further evaluation of the vapor intrusion 109 
pathway is still appropriate when the sub-slab, groundwater, and soil gas VISLs are 110 
exceeded for samples from a building or site where these specific factors are present. 111 

Vapor source types that typically make the use of the recommended attenuation 112 
factors and health-based VISLs for groundwater and soil gas inappropriate include: 113 

o Those originating in landfills where methane is generated in sufficient quantities to 114 
induce advective transport in the vadose zone. 115 

o Those originating in commercial or industrial settings where vapor-forming chemicals 116 
can be released within an enclosed space and the density of the chemicals' vapor may 117 
result in significant advective transport of the vapors downward through cracks and 118 
openings in floors and into the vadose zone. 119 

o Leaking vapors from pressurized gas transmission lines. 120 

In each case, the diffusive transport of vapors may be overridden by advective 121 
transport, and the vapors may be transported in the vadose zone several hundred feet 122 
from the source of contamination with little attenuation in concentration. In general, 123 
EPA recommends considering whether the assumptions underlying the generic 124 
conceptual model are attained at a given site. If they are not attained, then EPA 125 
recommends that the medium-specific VISLs not be relied upon as a line of evidence for 126 
identifying sites or buildings unlikely to pose a health concern through the vapor 127 
intrusion pathway. Where the assumptions regarding the subsurface attenuation 128 
factors do not or may not apply, EPA generally recommends collecting indoor air 129 
samples. 130 
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3. Why can't I calculate RVISLs for bulk soil samples? 131 

Consistent with the 2015 OSWER Technical Guide for Assessing and Mitigating the Vapor 132 
Intrusion Pathway from Subsurface Vapor Sources, "bulk soil (as opposed to soil gas) 133 
sampling and analysis is not currently recommended for estimating the potential for 134 
vapor intrusion to pose unacceptable human health risk in indoor air, because of the 135 
potential for vapor loss due to volatilization during soil sampling, preservation, and 136 
analysis. In addition, there are uncertainties associated with soil partitioning 137 
calculations." 138 

4. How can I access the " forward calculator"  function? 139 

In addition to calculating screening levels, the calculator allows the user to input data 140 
collected from their site. This data is used to model the indoor air concentration, 141 
calculate a chronic daily intake, and present cancer risk. On the calculator main page, 142 
select "Yes" under the section titled " Predict indoor air concentrations and risk from 143 
measured media concentrations?" . A choice will be presented for the user to select 144 
between air, soil gas, and groundwater data. "Site-specific" mode is automatically 145 
activated, and the user will be prompted to enter their site data. 146 

5. How can I adjust groundwater temperatures? 147 

The main page of the calculator has a cell where the temperature can be changed from 148 
the default of 25 °C. 149 

Users are given the option to change the groundwater-soil system temperature from 150 
the default of 25°C to a site-specific value. Since the unitless Henry's Law Constant (H') 151 
is derived based on the partial pressure of a gas in equilibrium with a liquid and the 152 
equilibrium changes when temperature changes, H' is changed to reflect the 153 
equilibrium at the given temperature. The equation below illustrates how H' is derived 154 
when groundwater temperature is changed. An EPA Fact Sheet describing the process 155 
can be found at https://www.epa.gov/vaporintrusion/fact-sheet-correcting-henrys-law-156 
constant-temperature. 157 

6. How are the results converted to a mass basis? 158 

Appendix B of the Soil Screening Guidance for Radionuclides Technical Background 159 
Document presents a formula for converting PRGs in pCi/g to mg/kg and also a formula 160 
for converting pCi/L to mg/L. The equation is reproduced here with similar conversions 161 
for mg/m3 and mg/cm2. 162 



163 
164 

165 

166 
167 

168 
169 

170 

171 
172 

C. (mg/L) = 2 .8x1 □·15 ( mg•mole ) xA ( - 9- ) xr (years)xC (pCi/L) 
I,a pCl-g•year w mole 112 gw 

and: 

c. (mgtm3) =2.ax10·15 ( mg•mole ) xA ( - 9- ) xr
112 

(years)xC (pc itm3) 
1,a pCl-g•year w mole sg 

where: 

Aw is the radionuclide atomic we ight and r
112 

is the radionuclide half-l ife . 

The derivation of the 2.8 x 10·12 conversion is presented below. 

2_8x10.1s ( mg.mde) • (1x10·
1
_:?ci}(3.7x10

10
'1/s)x(31,536,000 s)x-1-x(all:>ms\,( I mole )x (1000 mg) 

ljiCl.g")'ear pC1 c, year 0.693 nt / 6.023x1023all:>ms 9 

'llhere: 

nt • r..ideet transfonnerlions (decays) 

A(~) • N(numberoferloms) xo.693( ~ ) 
year T v, (years) alxlm 

Combination of the derivation of the conversions w ith the isotope-specific half life and 
atomic weight is presented here. 

C (mgll.) = C (pCiil.)• (1 ,10· 1_2C•)•(3 7•
1
01_° "¼)•(31.536 ODO s). _ 1_. (atoms) • ( 1 mole ] • (1000 mg)•A (_g_)xr 

12 
(years) 

1,a gw pC, C, year 0.693 nt 6 023 x1023ato ms g w mole 1 

and 

C. (mglm3) = C [pCi/m3)x (1 ,10· 1
2c;)• (3.7x101_ DnY.), (31 f,36 ,000 •)•-1-x (atoms)x( l mole )x(1 000 mg)•A (-9- ) xT ( )-ears) 

•.• •9 pC, c, yeo r 0.693 nt 6.023•l023atoms g w mo le 1n 

where 

Aw io the radionuclide atomic weight sndT
112 

,o t he radionuclide hslf- lfe. 

nt = nudear transformalons (decays) 

A(~) = N(nu mb er o f a toms) xO.S93 (~) 
year r

112 
(yoars) a to m 

173 7. How were the UMTRCA working level {WL) standards converted to pCi/ L? 
174 
175 
176 

This table depicts the three steps to convert the UMTRCA WL standard to pCi/ L. For more 
discussion on Wl s, see the User's Guide Section 2.8. 
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Rn-222 

1 WL = 100 pCi/L 

1 WL = 100,000 pCi/m3 

1 WL = 3.7 Bq/L 

1 WL = 3,700 Bq/m3 

Rn-222 

1 WL = 250 pCi/L 

1 WL = 250,000 pCi/m3 

1 WL = 9.25 Bq/L 

1 WL = 9,250 Bq/m3 

Rn-222 

0.02 WL = 5 pCi/L 

0.02 WL = 5,000 pCi/m3 

0.02 WL = 0.185 Bq/L 

Rn-220 

1 WL = 7.5 pCi/L 

1 WL = 7,500 pCi/m3 

1 WL = 0.2775 Bq/L 

1 WL = 277.5 Bq/m3 

Rn-220 

1 WL = 375 pCi/L 

1 WL = 375,000 pCi/m3 

1 WL = 13.875 Bq/L 

1 WL = 13,875 Bq/m3 

Rn-220 

0.02 WL = 7.5 pCi/L 

0.02 WL = 7,500 pCi/m3 

0.02 WL = 0.2775 Bq/L 
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Rn-219 

1 WL = 162 pCi/L 

1 WL = 162,000 pCi/m3 

1 WL = 5.994 Bq/L 

1 WL = 5,994 Bq/m3 

Rn-219 

Unable to provide 
conversion due to 
missing F eq from 
Federal Guidance 

for Rn-219. 

Rn-219 

Unable to provide 
conversion due to 
missing F eq from 
Federal Guidance 

for Rn-219. 



0.02 WL = 185 Bq/m3 0.02 WL = 277.5 Bq/m3 

177 Working Level Conversion References 

178 o David Allen. Dose Conversion Factors for Radon WLM. Centers for Disease Control (CDC), 
179 June 2018. 

180 o Health Physics Society (HPS). Ask the Experts: Environmental and Background 
181 Radiation - Radon. May 2017. 

182 8. When do I use risk-based versus dose-based versus WL screening level types? 

183 The RVISL calculator is likely to be used primarily for ARAR compliance. For example, 
184 the UMTRCA indoor radon standards 40 CFR 192.12(b)(1) and 192.41(b) were identified 
185 as likely Federal ARARs for Rn-222 and Rn-220 in Attachment A of the EPA guidance 
186 document "Establishment of Cleanup Levels for CERCLA Sites with Radioactive 
187 Contamination. " There are some state standards that may be expressed in pCi/1 or 
188 mrem/ yr that if more stringent than the U MT RCA standards may be selected as ARA Rs. 
189 Background levels of indoor radon will typically exceed the risk range, and it would 
190 generally not be expected that remediation levels for indoor radon would be risk-based 
191 or based on background. The risk portions of the RVISL can still be used to provide risk 
192 estimates for the ARAR-based remediation levels. 

193 9. When should modelling instead of measurements be used for indoor radon? 

194 Computer codes such as the RVISL, which were developed to predict radon 
195 concentrations in indoor air for potential human exposure based on simplified 
196 equations and assumptions, are highly imprecise for an individual house or structure. 
197 EPA would recommend, where possible, Regions use measurements of radon indoors 
198 rather than rely on the transport portions of the RVISL. In particular, testing of 
199 groundwater or soil gas is not required to demonstrate compliance with RVISL WL, 
200 pCi/L, risk, or dose targets. 

201 10. Why do the Superfund RVISL calculator risk results for 4 pCi/ L of Rn-222 in air differ 
202 from the reported ORIA health risks for the same activity? 

203 The RVISL calculator risk results for 4 pCi/ L of Rn-222 in air differ from the reported 
204 ORIA health risks for the same activity for several reasons. The first reason for a 
205 difference in the risk results is that the RVISL calculator uses risk coefficients based on 
206 morbidity (getting cancer) from inhalation and submersion exposure routes, while the 
207 ORIA tables are based on mortality (death) from inhalation-induced lung cancer only. 
208 The ORIA Health Risk of Radon web page reports that for smokers and never-smokers, 
209 the mortality risk from lung cancer of 4 pCi/L of Rn-222 is 62 out of 1,000 people and 7 
210 out of 1,000 people, respectively, or 6.2 x 10·2 and 7 x 10-3. Given in the scientific notation 
211 format used in the RVISL, this relates to a lung cancer mortality risk of 6.2E-02 and 7E-
212 03, respectively. The RVISL residential risk results for a combination of smokers and 
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213 never-smokers to 4 pCi/L of Rn-222 in air is 8.39E-02, which rounds to 8.4 x 10·2 • 

214 Additionally, the ORIA risk estimates are based on an average population study, where 
215 the individual's exposure parameters are not considered, while the RVISL results are 
216 based on a reasonably maximum exposed (RME) individual. The individual exposure 
217 parameters considered in Superfund assessments include dwelling air exchange rate, 
218 inhalation rates, exposure duration, and resident time indoors. 

219 For more information on different methods for making radon inhalation cancer risk 
220 estimates see section 2.3.1 of the User Guide. 

221 11. I noticed the VISL and RVISL use the same attenuation factors. Are the VISL default 
222 attenuation factors appropriate for use in the RVISL calculator? 

223 The default VISL attenuation factors are also used in the RVISL. In fact, radon intrusion 
224 studies were the foundation for recognition that chemical vapors also intrude into 
225 buildings and enclosed spaces from soil and groundwater sources (EPA 1995). It was 
226 also observed that vapor intrusion mitigation remedies suppress both chemical and 
227 radon gasses and that monitoring radon intrusion is a viable surrogate for predicting 
228 chemical intrusion susceptibility in buildings (EPA 2015). Many studies reported in EPA 
229 2012a, demonstrate strong correlation between radon and chemical sub-slab soil gas 
230 attenuation factors calculated when the radon and chemicals are uniformly collocated. 

231 The default attenuation factors can be substituted for site-specific attenuation factors if 
232 underlying site conditions are known. EPA 2012b presents site-specific attenuation 
233 factors for sub-slab soil gas, groundwater, and crawlspaces for chemicals. The 
234 attenuation factors are summarized in the following table. The defaults used in the VISL 
235 and RVISL calculators are highlighted. The defaults are based on the 95th percentile and 
236 are appropriate for adjusting an RME scenario. The 50th percentile values would be more 
237 appropriate for a central tendency exposure scenario where a large amount of 
238 sampling data is available to reduce uncertainty in calculating the exposure 
239 concentration or defining nature and extent of the source term. 

- - - Th, l'S'ifflfiilrn - - - - -l...,Ui'l'lril ......!..... , -"'''"ll:.llll0<11l1J1Uo&lflHIJ-, 

Residence Type Median (50th percentile) 95th Percentile 

All residences 3E-03 (0.003) 3E-02 (0.03)* 

Residences with basements 3E-03 (0.003) 3E-02 (0.03) 

Residences with slab-on-grade 3E-03 (0.003) lE-02 (0.01) 

9 



.~•11111 -:-.. .. ,-. --1:..1111l:---.1r.11tl.,-;~IJl~r.;,.,11--;.11-., 

Scenario Median (50th percentile) 95th Percentile 

All soil types and water depths 7E-05 (0.00007) IE-03 (0.001)* 

Fine soil type 5E-05 (0.00005) 5E-04 (0.0005) 

Coarse soil type l E-04 (0.0001) lE-03 (0.001) 

Ve1y coarse soil type 2E-04 (0.0002) 4E-03 (0.004) 

Depth to water < 1.5 m 6E-04 (0.0006) 7E-03 (0.007) 

Depth to water 1.5-3 m l E-04 (0.0001) 2E-03 (0.002) 

Depth to water 3-5 m 4E-05 (0.00004) 2E-03 (0.002) 

Depth to water > 5 m 5E-05 (0.00005) 6E-04 (0.0006) 

- - I~ - - - - -].a'W[.lillllllll _..L_........:..J.l..!.'w ■■:.. ■ 111'. ■ IIIU1J9'l - ■ 11-., 

Scenario Median (50th percentile) 95th Percentile 

All residences 4E-03 (0.004) 3E-01 (0.3) 

-- .. ---- -l.i!P. .. '-'MIL."11111.l '■l.;..'-'-~••:i.1 IV.II I ,ll , 11r 

Scenario Median (50th percentile) 95th Percentile 

All residences 4E-01 (0.4) 9E-01 (0.9) 

240 *These are the VISL and RVISL defaults. 
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