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RB286-19

IRC®: AF103.7 (New), AF103.7.1 (New), AF103.7.2 (New), AF103.7.3 (New), AF103.7.4 (New)

Proposed Change as Submitted
Proponents: Dan Buuck, National Association of Home Builders, representing National Association of Home Builders (dbuuck@nahb.org)

2018 International Residential Code
Add new text as follows:
AF103.7 Sidewall Vent Termination. The vent pipe shall be permitted to be routed out the side of the building and terminated at the sidewall
provided the requirements of this section are met.
AF103.7.1 Vent Location. The vent termination shall be located:
1. Not less than 3 feet (914 mm) above any forced-air inlet located within 10 feet (3048 mm).
2. Not less than 4 feet (1219 mm) below, 4 feet (1219 mm) horizontally from or 1 foot (305 mm) above any door, operable window or gravity air
inlet into any building. The bottom of the vent terminal shall be located not less than 12 inches (305 mm) above finished ground level.
3. Not over public walkways or over an area where condensate or vapor could create a nuisance or hazard or could be detrimental to the
operation of regulators, relief valves or other equipment.
4. Not less than 12 inches (305 mm) above finished ground level.
AF103.7.2 Vent Pipe. Vent pipe joints shall be solvent welded.
AF103.7.3 Fan. A radon fan shall be installed to activate the system and shall meet the following conditions:
1. The fan shall be a listed in-line fan designed for radon mitigation and be installed in accordance with NFPA 70 and the manufacturer’s
installation instructions.
2. The fan shall be airtight and installed within 4 feet (1219 mm) from the point the vent passes through the wall.
3. The fan shall have ready access for repair or replacement.
4. The fan shall be connected to a system failure alarm.
AF103.7.4 Testing. The radon system shall be tested as follows:
1. Testing shall be performed after the dwelling passes its air tightness test and after the radon control system and HVAC installations are
complete.
2. The radon fan and HVAC system shall be operating during the test.
3. Testing shall be performed with the windows closed.
4. Testing shall be performed with the exterior doors closed, except when being used for entrance or exit.
5. If the test result is 4 pCi/L or greater, then the system shall be modified and retested until the test result is less than 4 pCi/L.
6. The final test results shall be included with the construction documents.
Reason: The intent of this proposal is to allow sidewall venting of radon reduction systems without changing the other provisions of Appendix F. An
active system is required if the sidewall venting option is chosen, but builders and owners still have the option of constructing a passive through-theroof system. The sidewall termination option can provide advantages for those who have already decided to install a radon fan and want the benefits
of simple vent routing or want to have better access to the fan for monitoring and maintenance. The side-vent option reduces ice formation on the
roof vent. In cold climates ice forms on the roof vent as warm moist air meets cold outdoor air.

2019 ICC PUBLIC COMMENT AGENDA

Page 1003

2019 ICC PUBLIC COMMENT AGENDA

Page 1004

Bibliography: Henschel, D. (1995). Re-Entrainment and Dispersion of Exhausts from Indoor Radon Reductions Systems: Analysis of Tracer Gas
Data. Indoor Air 5(4):270-284. https://cfpub.epa.gov/si/si_public_record_report.cfm?Lab=NRMRL&dirEntryId=128594.
Health Canada. (2010). Reducing Radon Levels in Existing Homes: A Canadian Guide for Professional Contractors. www.hc-sc.gc.ca/ewhsemt/pubs/radiation/radon_contractors-entrepreneurs/index-eng.php.
Health Canada. (2014). Radon Reduction Guide for Canadians. www.canada.ca/en/healthcanada/services/environmental-workplace-health/reportspublications/radiation/radonreduction-guide-canadianshealth-canada-2013.html.
Health Canada. (2016). Summary Report on Active Soil Depressurization (ASD) Field Study.
www.canada.ca/en/healthcanada/services/environmental-workplace-health/radiation/radon/summary-report-activesoil-depressurization-
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fieldstudy.html.
"Understanding a Radon Mitigation System." Canadian – National Radon Proficiency Program, https://cnrpp.ca/radonreduction/.
Cost Impact: The code change proposal will not increase or decrease the cost of construction
Installing an active radon system with a sidewall termination is an option, and the passive, through-the-roof option is still available.

RB286-19

Public Hearing Results
Committee Action:

As Submitted

Committee Reason: The proposal provides options and cost savings. The historical nature of the information from Canada cannot be denied. It is
proven to work. The committee requested that the proponent clean up some of the language in the public comment period. (Vote: 7-4)

Assembly Action:

None

RB286-19

Individual Consideration Agenda
Public Comment 1:
IRC®: AF103.7.2 (New)
Proponents:
David Kapturowski, Spruce Environmental Technologies, Inc., representing AARST & Spruce Environmental Technologies, Inc.
requests As Modified by Public Comment
Modify as follows:

2018 International Residential Code
AF103.7.2 Vent Pipe. Vent pipe joints shall be solvent welded. Above ground piping shall be supported by the structure of the building using hangers
or strapping designed for piping support.
Commenter's Reason: Without structural support of the radon system piping the pipe could easily get dislodged and result in a catastrophic failure
where radon gas is actively pumped into the structure.
Cost Impact: The net effect of the public comment and code change proposal will increase the cost of construction
Estimate an additional $5 cost to secure the pipe.

Public Comment# 1797

Public Comment 2:
IRC®: AF103.7.4 (New)
Proponents:
David Kapturowski, Spruce Environmental Technologies, Inc., representing AARST & Spruce Environmental Technologies, Inc.
requests As Modified by Public Comment
Modify as follows:

2018 International Residential Code
2019 ICC PUBLIC COMMENT AGENDA

Page 1006

AF103.7.4 Testing. The radon system shall be tested as follows:
1. Testing shall be performed after the dwelling passes its air tightness test and after the radon control system and HVAC installations are
complete.
2. The radon fan and HVAC system shall be operating during the test.
3. Testing shall be performed with the windows closed.
4. Testing shall be performed with the exterior doors closed, except when being used for entrance or exit.
5. Testing shall be performed with a commercially available radon test kit; or testing shall be performed by an approved third party with a
continuous radon monitor. Testing with test kits shall include two tests, and the test results shall be averaged. Testing shall be in accordance
with this section and the testing laboratory kit manufacturer's instructions.
6. If the test result is 4 pCi/L or greater, then the system shall be modified and retested until the test result is less than 4 pCi/L.
7. The final written test results report with results less than 4 PCi/l shall be included with the construction documents. provided to the code
official.
Commenter's Reason: Clarifies the testing procedure.
Cost Impact: The net effect of the public comment and code change proposal will not increase or decrease the cost of construction
Radon test kits are inexpensive, less than $50 for the two test kits including laboratory determination of results. Tests by radon professionals will
likely be more expensive.

Public Comment# 1798

Public Comment 3:
IRC®: AF103.7.3 (New)
Proponents:
David Kapturowski, Spruce Environmental Technologies, Inc., representing AARST & Spruce Environmental Technologies, Inc.
requests As Modified by Public Comment
Modify as follows:

2018 International Residential Code
AF103.7.3 Fan. A radon fan shall be installed to activate the system and shall meet the following conditions:
1. The fan shall be a listed in-line fan designed for radon mitigation and be installed in accordance with NFPA 70 and the manufacturer’s
installation instructions.
2. The fan shall be airtight and installed within 4 feet (1219 mm) from the point the vent passes through the wall.
3. The fan shall have ready access for repair or replacement.
4. The fan shall be connected to a system failure alarm.
5. Piping joints and connections to fans and other components that are subject to fan- induced positive pressure shall be tested for leakage while
the system is operating normally. Leak tests shall be conducted with a liquid bubble solution or an approved method.
System components found to be leaking shall be corrected in a manner recommended by the component manufacturer and the system shall
be retested. Where system fans are tested with a liquid bubble solution, such fans shall be designed for outdoor installation.
After successful completion of the leak testing, a label shall be applied to the radon fan. The label shall read as follows:
“This system was tested for leaks during installation. Physical damage to or aging of the system could result in leakage that can
increase indoor radon levels. It is advised that your radon system be routinely inspected and your radon levels be retested every 2
years or after structural changes to your home.”
Commenter's Reason: This important leak test and labeling to provide notice to the occupants is a requirement in the Canadian Standard that
RB286-19 was based upon. There is no justification for not requiring a leak test and warning to occupants for fans being mounted inside the thermal
envelope. The section of the Canadian standard is reprinted here.

7.3.3

Conditions for mounting active soil depressurization fans indoors
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7.3.3.1

Fan criteria

7.3.3.1.1
The radon fan used shall meet the product safety requirements in accordance with CAN/CSA-C22.2 No. 113 and the motor
shall comply with the applicable requirements of CAN/CSA-C22.2 No.100 for motors having continuous duty.

7.3.3.1.2
The radon fan seams and enclosure openings other than the inlet and outlet ports, shall be sealed so that the combined area of
all gaps or openings of the fan housing shall not exceed a total area of a single 3.17 mm (0.125in.) diameter hole which would result in a maximum
0.425 m3/h [0.25 cubic foot per minute (cfm)] leakage at 375 Pa (1.5in. WC pressure).

7.3.3.2

Leak test

7.3.3.2.1
The installer shall check each connection, fan joint and system component subject to fan- induced positive pressure while
under normal operating pressure with either a liquid bubble solution or a leak-detection device to locate any source of a leak.

7.3.3.2.2

The installer shall seal any detected leak in a manner recommended by the component manufacturer and retest.

7.3.3.2.3
use.

Fans requiring bubble leak testing or fans installed outdoors shall meet the requirements of CAN/CSA 22.2 No. 113 for outdoor

7.3.3.2.4

Leak test exception

Radon fans mounted outdoors, in attics or attached garages, or radon fans with all critical seams under

CAN/CGSB-149.11-20XX
negative pressure or housed in a negative pressure enclosure shall not require a leak test.

7.3.3.3

Labelling

After completion of the leak test, a label shall be applied to the radon fan by the installer. The label shall contain the following information:

“The Installer has tested this system for leaks during installation. Please note that physical damage or aging may result in leakage which can
increase indoor radon levels. You are advised that your system should be routinely inspected and your radon levels retested every 5 years or after
major structural, or ventilation/air circulation equipment changes to your home.”
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« L’installateur a soumis ce système à un essai d’étanchéité durant son installation. Veuillez noter que tout dommage matériel ou vieillissement
pourrait provoquer une fuite qui, à son tour, pourrait faire augmenter la concentration de radon dans l’air intérieur. Il vous est conseillé d’inspecter
régulièrement votre système et de mesurer la concentration de radon tous les cinq ans ou après des modifications importantes apportées à la
structure, à l’équipement de ventilation ou au système de circulation d’air de votre habitation. »

Bibliography: Canadian General Standards Board (CGSB) CAN/CGSB-149.11-20xx “Radon control options for new construction in lowrise residential buildings”
https://www.carst.ca/resources/Documents/CGSB-149.11-2015CD-01.pdf

Health Canada. (2010). Reducing Radon Levels in Existing Homes: A Canadian Guide for Professional Contractors. www.hc-sc.gc.ca/ewhsemt/pubs/radiation/radon_contractors-entrepreneurs/index-eng.php.
Cost Impact: The net effect of the public comment and code change proposal will increase the cost of construction
Estimated cost increase is $5 to perform this simple. test and apply label.

Public Comment# 1802

Public Comment 4:
IRC®: AF103.7.1 (New)
Proponents:
Jane Malone, American Association of Radon Scientists and Technologists, representing American Association of Radon Scientists and
Technologists (jmalone@aarst.org); David Kapturowski, Spruce Environmental Technologies, Inc., representing AARST & Spruce Environmental
Technologies, Inc.
requests As Modified by Public Comment
Modify as follows:

2018 International Residential Code
AF103.7.1 Vent Location. The vent termination shall be located:
1. Not less than 3 feet (914 mm) above any forced-air inlet located within 10 feet (3048 mm).
2. Not less than 4 6 feet (1219 1829 mm) below, 4 6 feet (1219 1829 mm) horizontally from or 1 foot (305 mm) above any door, operable window
or gravity air inlet into any building. The bottom of the vent terminal shall be located not less than 12 inches (305 mm) above finished ground
level.
3. Not over public walkways or over an area where condensate or vapor could create a nuisance or hazard or could be detrimental to the
operation of regulators, relief valves or other equipment.
4. Not less than 12 inches (305 mm) above finished ground level.
Commenter's Reason: The single purpose of a radon system is to prevent occupant exposure to radon by sucking the radon from under the
ground into an airtight pipe assembly and exhausting it outside the building. The only proven method is to exhaust the radon above the roof, which is
far from occupants.
The proposed clearances for sidewall venting between the radon system vent termination and windows, doors, and gravity air intake openings into
the building are not protective. The mechanical draft venting provision for fuel gas appliances contained in IRC Section G4247.8 to an exhaust pipe
was not designed for preventing exposure to radioactive cancer-causing radon gas.
The Canadian standard - CGSB 149.11 - on which this sidewall venting code change proposal was based - requires two meters (6.5 feet) clearance
from windows and gravity air inlets and recommends same for doors. We propose that the clearance be 6 feet. We would note that the ANSIAARST CCAH standard requires 10 feet.
The following table displays clearances for doors, windows, and gravity air inlets from the Canadian and American National consensus standards,
those contained in the code change proposal and ones contained in this comment.
Required Clearances for Radon Gas Exhaust
Location

CGSB 149.11
in meters (ft)
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Clearance to air supply inlet

2 (6.5 ft)

10 ft from, 2 ft above

Clearance from a window

2 (6.5 ft)

10 ft from, 2 ft above

Clearance from a door

1 (3.25 ft) required;
2 (6.5 ft) recommended;

10 ft from, 2 ft above

4 ft below, 4 ft from, 1 ft 6 ft from
above
4 ft below, 4 ft from, 1 ft 6 ft from
above
6 ft from
4 ft below, 4 ft from, 1 ft
above

Cost Impact: The net effect of the public comment and code change proposal will increase the cost of construction
The incremental cost of the code change is $2 for 2' of extra pipe material.

Public Comment# 1924

Public Comment 5:
IRC®: AF103.7.1 (New)
Proponents:
Jane Malone, American Association of Radon Scientists and Technologists, representing American Association of Radon Scientists and
Technologists (jmalone@aarst.org); David Kapturowski, representing AARST & Spruce Environmental Technologies, Inc. (dave@spruce.com)
requests As Modified by Public Comment
Modify as follows:

2018 International Residential Code
AF103.7.1 Vent Location. The vent termination shall be located:
1. Not less than 3 feet (914 mm) above any forced-air inlet located within 10 feet (3048 mm).
2. Not less than 4 feet (1219 mm) below, 4 feet (1219 mm) horizontally from or 1 foot (305 mm) above any door, operable window or gravity air
inlet into any building. The bottom of the vent terminal shall be located not less than 12 inches (305 mm) above finished ground level.
3. Not over public walkways or over an area where condensate or vapor could create a nuisance or hazard or could be detrimental to the
operation of regulators, relief valves or other equipment.
4. Not less than 12 inches (305 mm) above finished ground level.
Commenter's Reason: The single purpose of any radon system is to prevent occupant exposure to radon by sucking the poison from under the
ground into an airtight pipe assembly and exhausting it outside the building. The only proven method is to exhaust the radon above the roof, which is
far from occupants.
The prohibition of installation over public walkways is an important protection. The same attention should be extended to all walkways: the
owner/occupants of the property deserve the same protection as neighbors/passersby.
Cost Impact: The net effect of the public comment and code change proposal will increase the cost of construction
The modification does not change the materials and labor cost of the radon system.

Public Comment# 1923

Public Comment 6:
Proponents:
Bill Angell, University of Minnesota, representing North Star AARST (wangell@umn.edu)
requests Disapprove
Commenter's Reason:

1.

Radon is radioactive and is the most severe environmental health risk in the home. As such, it is appropriate for

public health policy to set risk level at low as reasonably achievable (ALARA). Research clearly indicates indoor fans and sidewall fan discharges violate
ALARA and thus, should not be allowed.
1.1. The greatest house infiltration occurs at or near the rim joist - - - sidewall discharges are at this vulnerable point. Available research indicates re-
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routing ASD exhaust above the highest roof level reduces indoor radon concentrations.
1.2. Indoor radon fans pose a serious health risk due to radon leaks as an increasing number of exhaust pipe and fan connectors disconnect with
age.
1.3. Compared to combustion appliance exhaust, soil gas exhaust is cooler and thus, has a greater tendency to pool near the discharge and reentrain into the building as well as increase potential outdoor exposure.
1.4. The World Health Organization reviewed radon ASD fan and discharge locations made a consensus recommendation consistent with U.S.
ANSI/AARST mitigation standards.
2.

NAHB claims sidewall discharges have a benefit of remaining ice-free yet there is no available research that supports the NAHB claim. Furthermore,
decades of interior routed, above roof ASD discharges in the northern U.S. have not produced significant freeze-up issues.

3.

The stated rationale of the NAHB proposed IRC Appendix F change assumes a relatively low level of radon concentration (100 pCi/L) while the
discharge concentration can be significantly greater (10 to 50 times greater).

4.

Research cited by NAHB to support its indoor fan and sidewall discharge proposal has serious limitations NAHB fails to cite.
4.1. Several research papers recommend assessments during warm seasons (when the pooling of cool soil gas on the ground surface and reentrainment are most likely) yet, that research is not available.
4.2. No research addresses the risks of outdoor exposures of children playing in high soil gas concentrations nor adults occupying areas near sidewall
discharges. Radon concentrations within 6 feet of sidewall discharge average 15 times background

5.

The radon testing component of the NAHB radon sidewall discharge proposal fails to follow ANSI/AARST mitigation standards and thus, may result in
elevated indoor radon exposure.

Bibliography:

·

Brossard, M., Ottawa, C., Falcomer R., Whyte, J., 2014 Radon mitigation in cold climates at Kitigan Zibi Anishinibeg, Health

Physics, 108(1S), S13-S18
·

Health Canada 2016 Summary Report on Active Soil Depressurization (ASD) Field Study Ottawa, ON: Health Canada.

·

Henschel, DB 1995 Re-entrainment and dispersion of exhausts from indoor radon reduction systems: Analysis of tracer gas data, Indoor Air, 5: 270284.

·

Henschel, DB 2004 Cost analysis of soil depressurization techniques for indoor radon reduction, Indoor Air, (April).

·

Hunter, AR 1995 Spatial and temporal variations of soil gas 220Rn and 222Rn at two sites in New Jersey Proceedings of the 1996
International Radon Symposium, Fletcher, NC: AARST.

·

Maeda, L and Hobbs, W 1996 Outdoor radon concentrations in the vicinity of an active home radon mitigation system, Proceedings of the 1996
International Radon Symposium (I1 ‐4.7), Fletcher, NC: AARST.

·

Moorman, L 2016 Radon discharge locations that are shown to affect interior radon concentrations negatively, Proceedings of the 2016 International
Radon Symposium, Fletcher, NC: AARST.

·

Neff, D, Meroney, R and El-Badry, H 1994a Physical and Numerical Modeling of ASD Exhaust Dispersion Around Houses (Final Report). Fort Collins:
Fluid Mechanics and Wind Engineering Program, Colorado State University.

·

Neff, D, Meroney, R and El-Badry, H 1994b Physical and Numerical Modeling of ASD Exhaust Dispersion Around Houses (Project Summary);
EPA/600/SR-94/115). Research Triangle Park, NC: Air and Energy Engineering Research Laboratory.

Cost Impact: The net effect of the public comment and code change proposal will not increase or decrease the cost of construction No change to
code.

Public Comment# 2017

Public Comment 7:
Proponents:
Thomas Bowles, United States Environmental Protection Agency, representing United States Environmental Protection Agency
(bowles.thomas@epa.gov)
requests Disapprove
Commenter's Reason: From a public health standpoint, sidewall venting in radon mitigation systems is not considered a best practice. EPA does
not support sidewall venting as described in the proposal; the construction methodology lacks adequate safeguards to protect against concentrated
radon blowing directly into an enclosed space, in the event a pipe breaks or is damaged. As written, the proposal suggests the vent should pass
through the wall of a home. When the pressurized side of the system is inside the home, breakages and penetrations in the fan housing or pipe will
leak directly into the home and could present a very high-risk exposure scenario.

The potential for damage and component failure exists in any radon mitigation system. This proposal does not require adequate safeguards.
2019 ICC PUBLIC COMMENT AGENDA

Page 1011

Occupants will not receive a warning in the event a pipe is damaged or leaking. This means an occupant would be unaware if highly concentrated
radon was leaking into a conditioned space. The proposal references Canadian guidance (Reducing Radon Levels in Existing Homes: A Canadian
Guide for Professional Contractors) to support the position of sidewall venting; however, it lacks a critical safeguard the Canadian guidance requires
which is the installation of a continuous radon radiation monitor (CRM). The addition of a CRM could alert occupants to flaws in the system and
prevent exposures that can cause lung cancer. Some stakeholders have argued in support of the proposal, by referencing codes that allow other
dangerous gasses, such as carbon monoxide (CO), to be generated inside the conditioned space and exhausted outdoors through pressurized
pipes located within the building envelope. However, in every case where this is true, the code requires the use of a CO monitor. (2015 IBC Section
915) As written, this proposal does not require a CRM, which is inconsistent with other codes addressing dangerous gasses and lacks necessary
public health protections. (National Standard of Canada 5.1.7)

The proposal does not do enough to address re-entrainment of radon gas re-entering the home through windows, vents, or other pathways after it is
exhausted outside. There is not enough evidence to show a vent termination located 4’ below an open window (RB286-19, AF103.7 Vent Location
2.) does not pose a potential health risk through re-entrainment.

Finally, the proposal seeks to support sidewall venting by stating that it can be beneficial in cold weather climates due to condensation and freezing
concerns. In a comparative study on different options for fans and exhausts positioning, “Icing occurrences were found in similar numbers in
January 2011 for both exhaust scenarios.” While active soil depressurization systems that exhaust above the roof line proved to be 3.5 times more
susceptible to obstructive icing, in the study, the side-venting is not immune. During the study when temperatures reached below -20 degrees C°
“only one case of severe obstruction (more than 50% of pipe area) was reported” for the above the roof line discharges in the study and, “neither
radon reduction nor suction pressures were im-paired in this worst case.” (Anishinabeg et al, 2012)

Sources Utilized

2015 IBC Section 915 https://codes.iccsafe.org/content/IBC2015/chapter-9-fire-protection-systems

National Standard of Canada http://publications.gc.ca/collections/collection_2017/ongc-cgsb/P29-149-012-2017-eng.pdf

Residential Radon Mitigations at Kitigan Zibi Anishinabeg: Comparison of Above Ground Level (Rim Joist) and Above Roof Line
Discharge of Radon Mitigation Sub-Slab Depressurization Systems, M. Brossard, M. Brascoupé, C. Brazeau-Ottawa, R. Falcomer, W.
Ottawa, and J. Whyte, Health Physics, V 102, pp S43-S47, May 2012.

RB286-19 AF103.7.1 Vent Location.
The vent termination shall be located:
1. Not less than 3 feet (914 mm) above any forced-air inlet located within 10 feet (3048 mm).
2. Not less than 4 feet (1219 mm) below, 4 feet (1219 mm) horizontally from or 1 foot (305 mm) above any door, operable window or gravity air
inlet into any building. The bottom of the vent terminal shall be located not less than 12 inches (305 mm) above finished ground level.
3. Not over public walkways or over an area where condensate or vapor could create a nuisance or hazard or could be detrimental to the
operation of regulators, relief valves or other equipment.
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4. Not less than 12 inches (305 mm) above finished ground level.
Bibliography: 2015 IBC Section 915 https://codes.iccsafe.org/content/IBC2015/chapter-9-fire-protection-systems

National Standard of Canada http://publications.gc.ca/collections/collection_2017/ongc-cgsb/P29-149-012-2017-eng.pdf

Residential Radon Mitigations at Kitigan Zibi Anishinabeg: Comparison of Above Ground Level (Rim Joist) and Above Roof Line
Discharge of Radon Mitigation Sub-Slab Depressurization Systems, M. Brossard, M. Brascoupé, C. Brazeau-Ottawa, R. Falcomer, W.
Ottawa, and J. Whyte, Health Physics, V 102, pp S43-S47, May 2012.

RB286-19 AF103.7.1 Vent Location.
The vent termination shall be located:
1. Not less than 3 feet (914 mm) above any forced-air inlet located within 10 feet (3048 mm).
2. Not less than 4 feet (1219 mm) below, 4 feet (1219 mm) horizontally from or 1 foot (305 mm) above any door, operable window or gravity air
inlet into any building. The bottom of the vent terminal shall be located not less than 12 inches (305 mm) above finished ground level.
3. Not over public walkways or over an area where condensate or vapor could create a nuisance or hazard or could be detrimental to the
operation of regulators, relief valves or other equipment.
4. Not less than 12 inches (305 mm) above finished ground level.
Cost Impact: The net effect of the public comment and code change proposal will not increase or decrease the cost of construction No change to
code.

Public Comment# 1991

Public Comment 8:
Proponents:
Gary Hodgden, AQP Inc, representing Self (gary@aair.com)
requests Disapprove
Commenter's Reason: Attached are more details.
My objection speaks to words in the ICC code of ethics as phrased many ways in a dozen publications:
“The protection of the health, safety and welfare of the public by creating safe buildings and communities is the solemn responsibility of the
International Code Council (“ICC”) and all who participate in ICC activities.”
The overwhelming health hazard:

The proposal assumes no responsibility for an inevitable number of incidental damage events that will occur to fan/pipe connections
to result in blowing extremely hazardous exhaust directly into conditioned space. This can occur simply when moving furniture or
with teenagers wresting in a basement.
As such, these designs are effectively illegal in almost a dozen states.
For this safety concern, the proposal does NOT include any of the following:
— Requirements

for strapping and supports that would prevent any movement to piping or fans so that the likelihood of
pipes falling loose would be less;
— Labeling to warn occupants of the hazard if pipes fall loose;
— Labeling for what system is or for system failure alarms; or
— A radiation monitor that would alert occupants if the pipe falls loose.
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The proposal also does NOT account for:

— A requirement, “the discharge shall be directed away from the building” that is an integral part of in similar code text for
mechanical draft vents M1804.2.6. Without this requirement, all safety distances cited from openings are inadequate.
— A requirement, “shall not blow exhaust air that can contain chemical vapors at people”
— Fan driven exhaust air that encounters irregularities in construction, such as a ½ inch gap where the roof eave meets
the siding
— Safe distances from other buildings (e.g., 20 ft)
Studies cited on exhaust air entering the building

The proposal casually dismisses conclusions of building and radiation scientists who spent years studying the issue for EPA.
Instead, this proposal favors a publication written by a manufacturer of a side-vent fans who selectively omitted or did not
understand portions of one very limited and truncated EPA publication.
Misconstrued premise: Ice
A justification for the proposal erroneously includes concerns of ice formation at roof-vents, as experienced in Canada for exterior exhaust
piping. But Canada requires interior piping for new construction.
It is a simple fact that “warm moist air” exhausted into “freezing air” can form ice at any location.
Reference titles and links:
Full Comment NAHB RB286-19 Proposal-GaryHodgden
https://drive.google.com/file/d/1viPVFrzLC3a5bVToVyUI5cjxi1EkEGjZ/view?usp=sharing
Moorman in 2016 (Radon Discharge Locations That Are Shown To Affect Interior Radon Concentrations)
https://drive.google.com/file/d/1kBhKdgTbowcnmOpfkr6cXwzc2ED0x5Pi/view?usp=sharing
ASHRAE research project 1635-TRP that reveals the problems (“Simplified Procedure for Calculating Exhaust/Intake Distances”)
https://drive.google.com/file/d/1rzmYnNnYp1bmkq0g46cGi8mTB3P2pdzS/view?usp=sharing
Cost Impact: The net effect of the public comment and code change proposal will not increase or decrease the cost of construction No change to
code.

Public Comment# 1484

Public Comment 9:
Proponents:
Jane Malone, American Association of Radon Scientists and Technologists, representing American Association of Radon Scientists and
Technologists (jmalone@aarst.org); David Kapturowski, representing AARST & Spruce Environmental Technologies, Inc. (dave@spruce.com)
requests Disapprove
Commenter's Reason: Sidewall radon venting is not a proven method of excluding radon from the home environment. The cancer risks to
occupants indoors from re-entrainment of radon into the building, and to occupants or anyone else who spends more than ten minutes outdoors
near the point of exhaust from the radon system far outweigh the benefits claimed by the advocates for this proposal. Further, the unrealistic value
of 100 pCi/L the proponents cite in their re-entrainment calculations does not address homes with radon potentials as high as 6,176 pCi/L found in
Pennsylvania.
This proposal is not code-ready: research is needed to clarify that such system will not cause new exposure risk for occupants, children playing
outside and passersby. Specifically, we know of no definitive peer-reviewed research that indicates that sidewall venting is as effective year-round,
or in all climates and building types, compared to roof-top discharge. To the contrary, anecdotal evidence from US radon system professionals, as
well as a study of 97 homes in New Jersey, have demonstrated the potential for increasing human exposure to radon from sidewall venting.
We simply don’t know whether it never or always results in indoor radon levels higher than roof top exhaust, or that ground-level exhaust always or
never exposes persons spending time near that ground-level exhaust. We do know that roof-top exhaust in a properly installed system will reduce
indoor radon levels and will not expose persons (unless they choose to spend leisure time on the roof not designed for human occupancy). Why
allow into Appendix F a risky business proposition that will haunt code officials who sign off on it and builders who implement it and design
professionals who prescribe it?
When radon gas is discharged via a radon mitigation system above the roof, the radon concentration falls off dramatically from the point of
discharge, to as low as background levels below the discharge point. Ground level discharge of radon has been disallowed in the US since the early
1990s, primarily because of the potential for re-entrainment of the gas into the house and the potential leakage from the fan and piping inside the
building envelope.
The proponent rationale for sidewall venting in cold climates is unproven: obstructive icing of a radon pipe is not a common problem in the
experience of radon professionals in the US, and the one Canadian study that documented it found only 50% ice blockage - on one of 63 homes –
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and there was no reduction in mitigation performance.
It must be noted that the only current US consensus standard for radon control in the new construction of one and two family homes, ANSI-AARST
CCAH, requires that radon systems exhaust at least 10 feet from ground level. Why? The evidence (presented in the bibliography and by others) is
clear: soil gas exhaust at ground level has significantly higher levels of radon than rooftop soil gas exhaust.
Bibliography: 1. Studies relevant to this subject
Bernier, J and Brossard, M 2013 Outdoor Radon Dispersion: Comparison of Lateral vs. Vertical Exhaust of Radon Sub Slab Depressurization
Systems, Maniwaki, QB: Kitigan Zibi Anishinabeg and Montreal, QB: Health Canada Quebec Regional Office (June 20 Teleconference)
This paper reviewed above ground level (lateral) (AGL) and above roof level (ARL) discharges, using six-minute grab samples and 45 day detectors in
October and November 2012. The authors note that most of lateral AGL dispersion of elevated radon occurs within the first 2 meters (6.5 feet) of exhaust
and recommend clearance for outdoor occupancy areas (e.g., balcony, terrace) as well as study of indoors and during warm weather.
Brodhead, B Clarkin, M and Brennan, T 1993 Initial results from follow-up of New Jersey homes mitigated for radon, Proceedings of the 1993
International Radon Symposium), Fletcher, NC: AARST
This project involved house diagnostics and four quarterly E-PERM measurements taken in three locations at 97 single-family homes in New Jersey.
Houses with elevated post mitigation results were included in the selection so that mitigation failures could be located and evaluated. Measurements were
made of the radon system exhaust and revealed radon concentrations as high as 485 pCi/L and thoron levels as high as 10,000 pCi/L. A second phase of
the study included follow-up work at fifteen of the original houses that had at least one quarterly measurement elevated. Additional diagnostics and system
alterations were done on these houses to improve the performance of (he initial mitigation. Two homes with sidewall venting were shown to have reentrainment which caused elevated indoor radon levels.
Brossard, M., Ottawa, C., Falcomer R., Whyte, J., 2014 Radon Mitigation in Cold Climates at Kitigan Zibi Anishinibeg, Health Physics, 108(1S), S13S18
While this study indicates that a sealed radon fan having proper fittings and sealed piping in one-story homes was able to reduce the radon to acceptable
levels with above ground discharge, and that these installations were less subject to obstructive icing of the exhaust in cold climates, it also showed that
there was only a single instance of obstructive icing among homes with roof top discharge and the icing did not interfere with radon reduction. The authors
noted the need to repeat the study in homes with more than one story, during the warm weather, and in urban and suburban homes.
Moorman, L 2016 Radon Discharge Locations that are Shown to Affect Interior Radon Concentrations Negatively, Proceedings of the 2016
International Radon Symposium, Fletcher, NC: AARST
This study reviewed two passive radon mitigation systems installed as RRNC during new home construction with high radon concentrations larger than the
EPA action level. By process of elimination, the discharge locations were the last potential cause. Rerouting the vent pipes to bring the discharge location
in compliance with current standards lowered the radon levels in these re-entrainment cases. The author presented a comparison of radon discharge and
flue gases, noting “one can state that flue gas is very noticeable and an immediate deterrent when the public is around it, whereas radon discharge gas is
not noticeable and thus not a deterrent for the unsuspected public.”
Flue Gases

Radon

Timing

Intermittently operating

Constant operation

Smell

Detectable odor when on

Odorless

Sound

Considerable sound when on

Generally, background sound

Visual

Smoke cloud when on

Transparent

Temperature

Warm or hot when on

Cool

Health
Concern

CO at start, then CO2 when on

Radioactivity

Neff, D, Meroney, R and El-Badry, H 1994a Physical and Numerical Modeling of ASD Exhaust Dispersion Around Houses (Final Report). Fort
Collins: Fluid Mechanics and Wind Engineering Program, Colorado State University
The objective of this study was to identify whether there are conditions under which the mitigation radon exhaust for typical homes can safely be released
at grade level. The results from these tests determined that:1) Exhaust gases will recirculate heavily into the house wake for all three effluent sources
tested whenever the stacks are located downwind of home's roof crest; 2) The at-grade wall release location usually leads to the highest building surface
concentration values. The eave release location leads to somewhat higher concentrations than the roof release location; 3) Source strengths of 100 pCi/L
produced concentrations greater than the design value of 1 pCi/L only for wall releases, and the maximum of these was only 1.4 pCi/L. Source strengths of
1000 pCi/L produced concentrations greater than design value of 1 pCi/L at sampling locations for all three effluent release locations.
A related paper (Neff, D, Meroney, R and El-Badry, H 1994b Physical and Numerical Modeling of ASD Exhaust Dispersion Around Houses (Project
Summary; EPA/600/SR-94/115). Research Triangle Park, NC: Air and Energy Engineering Research Laboratory) noted: The tracer gas results show

that grade-level exhausts consistently result in the highest tracer concentrations against the face of the house, although these concentrations may
not be serious if exhaust concentrations are low. The highest concentration measured at one point against the side of the house over all runs with
grade-level exhaust would correspond to 30 Bq/m3 (0.8 pCi/L) if the exhaust contained 3,700 Bq/m3 (100 pCi/L), and 300 Bq/m3 (8.1 pCi/L) if the
exhaust contained 37,000 Bq/m3 (1,000 pCi/L).

2. Additional Lessons from Studies Cited by The Proponent
Health Canada 2016 Summary Report on Active Soil Depressurization (ASD) Field Study Ottawa, ON: Health Canada
www.canada.ca/en/healthcanada/services/environmental-workplace-health/radiation/radon/summary-report-activesoil-depressurizationfieldstudy.html.
1) There is no evidence supporting the claim that a vertical roof-top ASD discharge is “highly susceptible to ice or snow blockage.”
2) Authors recommend follow-up study of long-term performance.
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Henschel, DB 1995 Re-entrainment and dispersion of exhausts from indoor radon reduction systems: Analysis of Tracer Gas Data, Indoor Air,
5: 270-284
1) Tests in the field suggest that active soil depressurization systems exhausting at grade level can contribute indoor radon concentrations 3 to 9
times greater than systems exhausting at the eave;
2) Grade-level exhaust can contribute mean concentrations beside houses averaging 7 times greater than exhaust at the eave, and 25 to 50 times
greater than exhaust midway up the roof slope; and
3) Exhaust location was found to have a statistically significant (p<0.0001) effect on re-entrainment with grade-level exhaust having greater impact
on indoor radon concentrations in a home where the concentrations were relatively low.

Cost Impact: The net effect of the public comment and code change proposal will not increase or decrease the cost of construction No change to
code.

Public Comment# 1900

Public Comment 10:
Proponents:
Ruth Mcburney, Conference of Radiation Control Program Directors, representing Conference of Radiation Control Program Directors
(rmcburney@crcpd.org)
requests Disapprove
Commenter's Reason: The Conference of Radiation Control Program Directors (CRCPD) is a nonprofit non-governmental professional
organization dedicated to radiation protection. With these comments, the CRCPD is representing the state radon programs in the United States.
Much like how the ICC is focused on protection of the health, safety, and welfare of the public, the CRCPD’s primary goal also focuses on public
health through working to assure that radiation exposure is kept to the lowest practical level.
Radon is a cancer causing radioactive gas found in the soil that enters buildings throughout the United States. Part of CRCPD’s mission is to work
with states and tribes to reduce the lung cancer burden by lowering radon in buildings. The goal of radon reduction is to get it as low as reasonably
achievable (ALARA). The NAHB sidewall discharge proposal RB286-19 violates the protocols and standards approved in the United States for
radon mitigation and increases the health risk to our citizens through an increased risk of elevated radon exposure.
There are numerous reasons why this proposal will put the health, safety and welfare of the public at increased risk. The amount of radon in the
soil is 100s or 1,000s times greater than what enters a typical structure and many times greater than the cited values from the Canadian research
referenced by the proposal’s author. Radon should be kept out of and as far away from the structure as possible.

1. Extensive field experience and scientific research in the United States has shown improperly vented radon system exhaust
points such as included in the RB286-19 proposal can lead to radon re-entering the structure. The research provided in
support of the RB286-19 proposal lacks statistical credibility. We have a strong and documented history of radon mitigation
systems successfully lowering radon exposures. There are more than one million radon mitigation systems installed in the
US which are properly vented and do not pose a threat to the health and safety of unsuspecting occupants.
2. Radon fans located in the conditioned space of the building can leak and thereby increase the amount of radon in the
building without anybody knowing. A system with the radon fan located inside the home puts the family at greater risk.
3. Positively pressurized radon system piping located indoors can leak and allow highly concentrated levels of radon and other
soil gasses into the structure increasing exposure to radon and other unknown soil gas contaminants to the public. Many of
these contaminants can be very toxic.
4. Venting radon systems as proposed will violate multiple state regulations currently in place throughout the country. The
methods proposed in RB286-19 are illegal in every state which has a regulatory program for radon mitigation and violate
established standards and protocols in the United States
5. Justification for this proposal incorrectly uses existing exterior radon system freeze-ups as a reason to limit the amount of
pipe exposed outdoors. In new construction, systems are routed through the interior of the house through the roof thereby
limiting the amount of uninsulated pipe exposed to the elements. Field experience from Minnesota, where a variation of
Appendix F has been in energy or building code for ten years, shows interior pipe routes do not freeze up in the winter. The
issues presented by the author mix up the Canadian examples of exterior radon mitigation systems installed after
construction with systems installed preconstruction (routed interior through the roof that do not freeze in a cold climates).
6. If a radon system as prescribed in this proposal was to fail, it would put the inhabitants at a 100-1000x greater exposure to
radon and any other soil gas or vapors that may be under the building. This includes Volatile Organic Compounds (VOCs)
including methane, TCE and other VOCs and carcinogens. Because we are not able to continually monitor radon or other soil
gas contaminant levels in homes with a practical and low-cost method, there is no means for the occupants to know if they are
being exposed to these dangerous chemicals and carcinogens.
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7. Venting radon systems like flue gases from modern power vented appliances is not a safe practice. The radon
concentrations leaving the exhaust point can be extremely high and have a virtually unlimited supply. Unlike flue gases
which are not continuously vented and are easily recognized, radon exhaust is continuous and is an invisible, odorless,
colorless radioactive gas.
8. Installation of active radon systems as proposed will burden the builder with increased installation costs and increased
liability. The liability of the home builder for lung cancer cases in people is much higher when they install these systems
knowing that the system potentially causes greater radon exposure to the residents both from venting a known carcinogen
into breathing space outdoors, and from the indoor risks of fan and/or pipe exhausting dangerous chemicals and carcinogens
into the home.
9. The World Health Organization reviewed radon fan discharge locations and made a recommendation consistent with U.S.
ANSI/AARST mitigation standards – do not vent the radon system through the side-wall of the building. Instead exhaust the
radon up and away from the structure.
Radon is the largest contributor of radiation exposure for the general public and most of the exposure occurs in the home. It is
the deadliest environmental concern in homes today and is responsible for more deaths than drunk driving, fires, and falls
combined. Radon exposure should be treated as a severe public health risk and we need to better protect the American
public. This proposal does not protect the public. CRCPD and the state and tribal radon programs we represent are strongly
against this proposal and believe it should be deleted from the ICC Code in its entirety.
References
Brodhead, B Clarkin, M and Brennan, T 1993 Initial results from follow-up of New Jersey homes mitigated for radon, Proceedings of
the 1993 International Radon Symposium), Fletcher, NC: AARST
Radon and Thoron were measured in system exhausts. Levels were found to be very high and may pose a threat to health
and safety if not properly vented. Gamma radiation measurements were made on site to compare to average state gamma
readings. The post-mitigation gamma radiation was 20% higher than the state gamma average.
Henschel, DB 1995 Re-entrainment and dispersion of exhausts from indoor radon reduction systems: Analysis of tracer gas
data, Indoor Air, 5: 270-284
Re-entrainment tests in the field suggest that active soil depressurization systems exhausting at grade level can contribute
indoor radon concentrations 3 to 9 times greater than systems exhausting at the eave. With 37,000 Bq/m3 (1,000 pCi/L) in the
exhaust, the highest mean concentrations beside the house could be less than or equal to the ambient background level with
eave and mid-roof exhausts, and 2 to 7 times greater than ambient with grade exhausts.
Neff, D, Meroney, R and El-Badry, H 1994a Physical and Numerical Modeling of ASD Exhaust Dispersion Around Houses (Final
Report). Fort Collins: Fluid Mechanics and Wind Engineering Program, Colorado State University
The objective of this study was to identify whether there are conditions under which the mitigation radon exhaust for typical
homes can safely be released at grade level. Results showed the safest exhaust location was above the eave and the atgrade wall release location lead to the highest building surface concentrations.
Neff, D, Meroney, R and El-Badry, H 1994b Physical and Numerical Modeling of ASD Exhaust Dispersion Around Houses (Project
Summary; EPA/600/SR-94/115). Research Triangle Park, NC: Air and Energy Engineering Research Laboratory
The tracer gas results show that grade-level exhausts consistently result in the highest tracer concentrations against the face
of the house. The highest concentration measured at one point against the side of the house over all runs with grade-level
exhaust would correspond to 30 Bq/m3 (0.8 pCi/L) if the exhaust contained 3,700 Bq/m3 (100 pCi/L), and 300 Bq/m3 (8.1
pCi/L) if the exhaust contained 37,000 Bq/m3 (1,000 pCi/L).
Moorman, L 2016 Radon discharge locations that are shown to affect interior radon concentrations negatively, Proceedings of the
2016 International Radon Symposium, Fletcher, NC: AARST
Passive radon mitigation systems installed as RRNC during new home construction were found to have discharge locations
close to walls extending vertically above them. Rerouting the vent pipes to bring the discharge location in compliance with
current standards lowered the radon levels on multiple floor levels. Paper concludes: “Extra due diligence is required from
standard writing in the radon community compared to standard writing for flue gas discharge location. The reason can be
summarized by stating that flue exhaust gas is very noticeable and annoying, thus acts as a natural deterrent for the public but
radon discharge gas is barely noticeable and thus does not have this deterring effect on the public when present.”
Cost Impact: The net effect of the public comment and code change proposal will increase the cost of construction
This proposal requires a radon fan which makes it more expensive.

Public Comment# 1833
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RB288-19

IRC®: SECTION AF101, AF101.1, SECTION AF102, AF102.1, , (New), SECTION AF103, AF103.1, AF103.2, FIGURE AF103.2, AF103.3,
AF103.3.1 (New), AF103.3.2 (New), AF103.3.3, AF103.4, AF103.4.1, AF103.4.2, AF103.5, AF103.5.1, AF103.5.2, AF103.5.3, AF103.5.4,
AF103.5.5, AF103.5.6 (New), AF103.5.6.1, AF103.5.6.2 (New), AF103.5.6.3, AF103.6, AF103.6.1, AF103.6.2, AF103.6.3, AF103.6.4, AF103.6.5,
AF103.4.3, AF103.4.6, AF103.4.7, AF103.4.8, AF103.4.9, AF103.11, FIGURE AF101, TABLE AF101(1), ASTM Chapter 44 (New)

Proposed Change as Submitted
Proponents: Jane Malone, American Association of Radon Scientists and Technologists, representing American Association of Radon Scientists
and Technologists (jmalone@aarst.org); David Kapturowski, representing AARST & Spruce Environmental Technologies, Inc. (dave@spruce.com)

2018 International Residential Code
SECTION AF101
SCOPE
Revise as follows:
AF101.1 General. This appendix contains requirements for radon control methods in new construction .new construction in jurisdictions where
radon-resistant construction is required.
Inclusion of this appendix by jurisdictions shall be determined through the use of locally available data or determination of Zone 1 designation in
Figure AF101 and Table AF101(1)

Add new definition as follows:

SECTION AF102
DEFINITIONS
AF102.1 General. For the purpose of these requirements, the terms used shall be defined as follows:
Delete without substitution:

DRAIN TILE LOOP. A continuous length of drain tile or perforated pipe extending around all or part of the internal or external perimeter of a
basement or crawl space footing.
Revise as follows:

RADON GAS. A naturally occurring, chemically inert, radioactive gas that is not detectable by human senses. As a gas, it can move readily
through particles of soil and rock, and can accumulate under the slabs and foundations of homes where it can easily enter into the living space
through construction cracks and openings. The element Rn, which is a radioactive colorless, odorless, tasteless, cancer-causing gas that occurs
naturally as a decay product of radium.
Add new definition as follows:
RADON ROUGH-IN. The installation of all parts and materials of sub-membrane or sub-slab depressurization system including gas permeable
layers, soil gas retarders, membranes, piping, connectors, terminations, and power sources.

SOIL-GAS-RETARDER. A continuous membrane of 6-mil (0.15 mm) polyethylene or other equivalent material used to retard the flow of soil
gases into a building.
Revise as follows:

SUBMEMBRANE DEPRESSURIZATION SYSTEM. A system designed to achieve lower submembrane air pressure relative to crawl space
air pressure by use of a fan-powered vent drawing air from beneath the soil-gas-retarder membrane.

SUBSLAB DEPRESSURIZATION SYSTEM (Active). . A system designed to achieve lower subslab sub-slab air pressure relative to indoor
air pressure by use of a fan-powered vent drawing air from beneath the slab.
Delete without substitution:

SUBSLAB DEPRESSURIZATION SYSTEM (Passive). A system designed to achieve lower subslab air pressure relative to indoor air
pressure by use of a vent pipe routed through the conditioned space of a building and connecting the subslab area with outdoor air, thereby relying
on the convective flow of air upward in the vent to draw air from beneath the slab.
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SECTION AF103
REQUIREMENTS
Revise as follows:
AF103.1 General. The following construction techniques are intended to resist radon entry and prepare the building for post-construction radon
mitigation, if necessary (see Figure AF103). These techniques are required in areas where designated by the jurisdiction .
AF103.2 Subfloor preparation. Radon Rough-In A radon rough-in is required for all foundation types, including crawlspace, basement, slab on
grade, and slab on grade garage located below a living area as shown in Figure AF103.2. The rough-in shall be installed prior to pouring of concrete
slabs, closure of building cavities, and installation of finish materials. layer of gas-permeable material shall be placed under all concrete slabs and
other floor systems that directly contact the ground and are within the walls of the living spaces of the building, to facilitate future installation of a
subslab depressurization system, if needed. The gas-permeable layer shall consist of one of the following:
1. A uniform layer of clean aggregate, not less than 4 inches (102 mm) thick. The aggregate shall consist of material that will pass through a 2inch (51 mm) sieve and be retained by a 1/4-inch (6.4 mm) sieve.
2. A uniform layer of sand (native or fill), not less than 4 inches (102 mm) thick, overlain by a layer or strips of geotextile drainage matting
designed to allow the lateral flow of soil gases.
3. Other materials, systems or floor designs with demonstrated capability to permit depressurization across the entire subfloor area.
Delete and substitute as follows:
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FIGURE AF103
RADON-RESISTANT CONSTRUCTION DETAILS FOR FOUR FOUNDATION TYPES
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FIGURE AF103.2
FOUNDATION TYPES
Revise as follows:
AF103.6 AF103.3 Passive subslab Sub-slab depressurization system. system rough-in. In basement or slab-on-grade buildings, the following
components of a passive subslab sub-slab depressurization system shall be installed during construction. construction in accordance with Sections
AF103.3.1 through AF103.3 and AF103.5 through AF103.6.5.
Add new text as follows:
AF103.3.1 Gas Permeable Layer A gas-permeable layer shall be constructed under all concrete slabs and other floor systems that directly contact
the ground and are within the walls of the living spaces of the building. The gas-permeable layer shall consist of one of the following:
1. A uniform layer of clean aggregate, not less than 4 inches [102 mm] in depth, shall be placed over the soil. The aggregate shall have a void
ratio of not less than 35 percent or a Size Number 4, 5, 56, or 6 as classified by ASTM C33.
2. A uniform layer of native or fill sand, a minimum of 4 inches [102 mm] in depth, overlain by a layer or strips of geotextile drainage matting. The
geotextile drainage matting shall have a cross-sectional area of at least 12 square inches [774 sq mm]. The closest edge of the geotextile
matting shall be placed no closer than 12 inches [305 mm] to the foundation wall around the interior of the foundation perimeter.
3. A loop of 4 inch [102 mm] nominal or larger size perforated pipe placed in a trench along the perimeter of the foundation, with the trench
backfilled with clean aggregate having a void ratio of not less than 35 percent or a Size Number 4, 5, 56, or 6 as classified by ASTM C33 such
that the pipe is surrounded by aggregate for at least 1/3 of the outside pipe circumference. The pipe shall be placed no closer than 12 inches
[305 mm] to the foundation wall around the interior of the foundation perimeter.
4. A loop of interconnected stay-in-place forms used to cast the foundation footing in accordance with 404.1.3.3.6 that is left in place to provide
ground water control and provide a separate channel above the ground water channel for soil gas ventilation, with a cross sectional area no
less than 12 square inches [77 sq. cm].
5. Other materials, systems or floor designs with demonstrated capability to allow the lateral flow of soil gases from across the entire sub-floor
area.
AF103.3.2 Vent pipe connector. A 4 inch [102 mm] nominal diameter tee fitting or equivalent method shall be used to secure the vent pipe opening
within the gas permeable layer. Not less than 4 feet [1219 mm] of perforated pipe or geotextile matting shall be connected to each of the two
horizontal openings of the tee fitting or the two horizontal openings shall be connected to the interior drain tile system. Alternatively, a sealed sump
cover where the sump communicates directly with the sub-slab aggregate or communicates with it through a drainage system, shall secure the vent
pipe opening. A flexible rubber coupling connector shall be provided at the sump cover connection to facilitate servicing the sump.
Revise as follows:
AF103.3 AF103.3.3 Soil-gas-retarder. A minimum 6-mil (0.15 mm) [or 3-mil (0.075 mm) cross-laminated] polyethylene or equivalent flexible
sheeting material shall be placed on top of the gas-permeable layer prior to casting the slab or placing the floor assembly to serve as a soil-gasretarder by bridging any cracks that develop in the slab or floor assembly, and to prevent concrete from entering the void spaces in the aggregate
base material. . The sheeting shall cover the entire floor area with separate sections of sheeting lapped not less than 12 inches (305 mm). The
sheeting shall fit closely around any mm) and extend up the surrounding foundation walls not less than 4 inches [101 mm]. Openings in the sheeting
caused by pipe, wire or and other penetrations of the material. shall be sealed. Punctures or tears in the material shall be sealed or covered with
additional sheeting.
AF103.5 AF103.4 Passive submembrane Sub-membrane depressurization system. system rough-in. In buildings with a crawl space
foundations foundation, the following components of a passive submembrane sub-membrane depressurization system shall be installed during
construction. construction in accordance with Sections AF103.4.1 through AF103.6.5.
Exceptions: Exception:
1.Buildings in which an approved mechanical crawl space ventilation system or other equivalent system is installed. is installed.
2. Where the soil gas retarder will be covered with concrete, the requirements of Section AF103.3.2 shall apply.
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AF103.5.3 AF103.4.1 Vent pipe. pipe connector. A plumbing tee or other approved connection fitting shall be inserted horizontally beneath the
sheeting and connected to a 3- or 4-inch-diameter (76 or 102 mm) fitting with a vertical vent pipe installed through the sheeting. The vent pipe shall
be extended up through the building floors, and terminate not less than 12 inches (305 mm) above the roof in a location not less than 10 feet (3048
mm) away from any window or other opening into the conditioned spaces of the building that is less than 2 feet (610 mm) below the exhaust point,
and 10 feet (3048 mm) from any window or other opening in adjoining or adjacent buildings. soil gas membrane with not less than 10 feet of
perforated pipe connected to each of the two horizontal openings of such fitting or the two horizontal openings of the tee fitting shall connect to the
interior drain tile system. The branch opening of the tee fitting shall be connected to the vent pipe in accordance with Section AF103.5.
AF103.5.2 AF103.4.2 Soil-gas-retarder. Soil gas membrane. The soil in crawl spaces shall be covered with a continuous layer of minimum 6-mil
(0.15 mm) polyethylene soil-gas-retarder. The ground cover soil gas membrane complying with ASTM E1745 Class A, B or C. The membrane shall
be lapped not less than 12 6 inches (305 (152 mm) at joints , and shall extend upwards 12 inches (305 mm) and be sealed to all foundation walls
enclosing the crawl space area. Seams shall be sealed with polyurethane caulk complying with ASTM C920 class 25 or higher, or taped or
equivalent method, installed in accordance with the manufacturer's recommendations.
AF103.6.1 AF103.5 Vent pipe. A minimum 3-inch-diameter (76 mm) ABS, PVC or equivalent 3 inch [76 mm] nominal size or larger gas-tight pipe
shall be embedded vertically into the subslab aggregate or other permeable material before the slab is cast. A “T” fitting or equivalent method shall
be used to ensure that the pipe opening remains within the subslab permeable material. Alternatively, the 3-inch (76 mm) pipe shall be inserted
directly into an interior perimeter drain tile loop or through a sealed sump cover where the sump is exposed to the subslab aggregate or connected
to it through a drainage system.
The pipe shall be extended extended from the tee fitting up through the building floors, in accordance with Sections AF103.5.1 through AF103.5.6.
Materials used shall comply with Section P3002.1. and terminate not less than 12 inches (305 mm) above the surface of the roof in a location not
less than 10 feet (3048 mm) away from any window or other opening into the conditioned spaces of the building that is less than 2 feet (610 mm)
below the exhaust point, and 10 feet (3048 mm) from any window or other opening in adjoining or adjacent buildings.
AF103.5.1 Ventilation. Vent pipe termination. Crawl spaces shall be provided with vents to the exterior of the building. The minimum net area of
ventilation openings shall comply with Section R408.1.
The vent pipe shall terminate vertically upward not less than 12 inches [305 mm] above the roof and in a location not less than two feet [51 mm]
vertically above, or not less than 10 feet [3048 mm] measured in any other direction, from openings in the building and adjacent buildings including
windows, doors and other gravity air intake openings, exclusive of attic ventilation openings. Where a screen is installed on the terminus of radon
exhaust pipe to prevent the entry of animals, such screen shall have a mesh size with a dimension of not less than 0.5 inch (12.7mm).
AF103.7 AF103.5.2 Vent pipe drainage. Components of the The radon vent pipe system shall be installed to provide positive condensate drainage
to the ground beneath the slab or soil-gas-retarder. membrane. The pipe shall not be trapped and shall have a minimum slope of one-eighth inch per
foot (1 percent slope).
AF103.9 AF103.5.3 Vent pipe identification. Exposed and visible interior radon vent pipes shall be identified with not less than one label on each
floor and in accessible attics. attics. The label shall read : “Radon Reduction System.” “This pipe is a component of a radon control system. A radon
test is necessary to verify that the radon level is below the level recommended by the US EPA.” The height of the label lettering shall be not less than
0.25 inch [6.35 mm].
AF103.10 AF103.5.4 Combination foundations. Combination basement/crawl space or slab-on-grade/crawl space foundations shall have
separate radon vent pipes installed in each type of foundation area. Each radon vent pipe shall terminate above the roof or shall be connected
Where more than one type of foundation is present, each foundation area shall have a separate radon vent pipe and soil gas collector. Vent pipes
shall connect to a single vent that terminates above the roof or each individual vent pipe shall terminate separately above the roof.
AF103.6.2 AF103.5.5 Multiple vent pipes. Separate foundation areas In buildings where interior footings or other barriers separate the subslab
aggregate or other gas-permeable material foundation areas, each area shall be fitted with an individual vent pipe. pipe or a pipe loop or equivalent
method shall connect such areas below the slab. Vent pipes shall connect to a single vent that terminates above the roof or each individual vent pipe
shall terminate separately above the roof.
Add new text as follows:
AF103.5.6 Provisions for radon fan. To facilitate possible installation of a radon fan, compliance with Sections AF103.5.6.1 through AF103.5.6.3
shall be required.
Revise as follows:
AF103.8 AF103.5.6.1 Vent pipe accessibility. Radon vent pipes shall be accessible for future fan installation through provided with access in an
attic or other area outside the habitable space . Exception: The radon vent pipe need not be accessible in an attic space where an approved rooftop electrical supply is provided
for the purpose of installing a fan.The pipe shall be centered in an an unobstructed cylindrical space having a vertical height of not less than 48
inches [122 cm] and a diameter of not less than 21 inches [53 cm] in the location where a fan would be installed.
Exception: Where an approved electrical supply is installed on the roof for future use.
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Add new text as follows:
AF103.5.6.2 Radon fan location. Fans shall be located outdoors, in attics or in garages that are not beneath conditioned spaces. Fans shall not be
installed below ground, in conditioned spaces, in occupiable spaces of a building or in any basement, crawlspace or other interior location that is
directly beneath a conditioned or occupiable space of a building. Fans shall not be installed in any location where pipe positively pressured by the fan
would be located inside conditioned or occupiable space.
Revise as follows:
AF103.12 AF103.5.6.3 Power source. To provide for future installation of an active submembrane or subslab depressurization system a radon fan,
an electrical circuit terminated that terminates in an approved junction box shall be installed during construction in the attic or other anticipated
location of vent pipe fans. An electrical supply shall be accessible in anticipated locations of system failure alarms. a fan.
AF103.4 AF103.6 Entry routes. Potential radon entry routes shall be closed in accordance with Sections AF103.4.1 AF103.6.1 through
AF103.4.10. AF103.6.5.
AF103.4.1 AF103.6.1 Floor openings. Openings around bathtubs, showers, water closets, pipes, wires or and other objects that penetrate
concrete slabs , or other floor assemblies , shall be filled with a polyurethane caulk or equivalent sealant applied in accordance with the
manufacturer’s recommendations. sealed in a permanent manner.
Exception: Sealing is not required for floors above conditioned spaces.
AF103.4.2 AF103.6.2 Concrete joints. Control Isolation joints, isolation joints, construction joints, and any other joints in concrete slabs or between
slabs and foundation walls shall be sealed with a caulk or sealant. Gaps and joints shall be cleared of loose material and filled with polyurethane
caulk or other elastomeric sealant applied complying with ASTM C920 class 25 or higher or equivalent method installed in accordance with the
manufacturer’s recommendations.
AF103.4.4 AF103.6.3 Sumps. Sump pits open to soil or serving as the termination point for subslab or exterior drain tile loops shall be covered with
a gasketed or otherwise sealed lid. Sumps used as the suction point in a subslab depressurization system shall have a lid designed to
accommodate the vent pipe. Sumps used as a floor drain shall have a lid equipped with a trapped inlet.
AF103.4.5 AF103.6.4 Foundation walls. Hollow block masonry foundation walls shall be constructed with either a continuous course of solid
masonry, one course of masonry grouted solid, or a solid concrete beam at or above finished ground surface to prevent the passage of air from the
interior of the wall into the living space. Where a brick veneer or other masonry ledge is installed, the course immediately below that ledge shall be
sealed. Joints, cracks or and other openings around all penetrations of both exterior and interior surfaces of masonry block or wood foundation
walls below the ground surface shall be filled with polyurethane caulk complying with ASTM C920 class 25 or equivalent sealant. higher, or
equivalent method installed in accordance with the manufacturer's recommendations. Penetrations of concrete walls shall be filled.
AF103.4.10 AF103.6.5 Crawl space access. Access doors and other openings or penetrations between basements and adjoining crawl spaces
shall be closed, gasketed or otherwise filled to prevent air leakage.
Exception: Air sealing is not required for conditioned crawl spaces.
Delete without substitution:
AF103.4.3 Condensate drains. Condensate drains shall be trapped or routed through nonperforated pipe to daylight.
AF103.4.6 Dampproofing. The exterior surfaces of portions of concrete and masonry block walls below the ground surface shall be dampproofed
in accordance with Section R406.
AF103.4.7 Air-handling units. Air-handling units in crawl spaces shall be sealed to prevent air from being drawn into the unit.
Exception: Units with gasketed seams or units that are otherwise sealed by the manufacturer to prevent leakage.
AF103.4.8 Ducts. Ductwork passing through or beneath a slab shall be of seamless material unless the air-handling system is designed to maintain
continuous positive pressure within such ducting. Joints in such ductwork shall be sealed to prevent air leakage.
Ductwork located in crawl spaces shall have seams and joints sealed by closure systems in accordance with Section M1601.4.1.
AF103.4.9 Crawl space floors. Openings around all penetrations through floors above crawl spaces shall be caulked or otherwise filled to prevent
air leakage.
AF103.11 Building depressurization. Joints in air ducts and plenums in unconditioned spaces shall meet the requirements of Section M1601.
Thermal envelope air infiltration requirements shall comply with the energy conservation provisions in Chapter 11. Fireblocking shall meet the
requirements contained in Section R302.11.
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a.pCi/L standard for picocuries per liter of radon gas. The U.S. Environmental Protection Agency (EPA) recommends that homes that measure
4 pCi/L and greater be mitigated.
The EPA and the U.S. Geological Survey have evaluated the radon potential in the United States and have developed a map of radon zones
designed to assist building officials in deciding whether radonresistant features are applicable in new construction.
The map assigns each of the 3,141 counties in the United States to one of three zones based on radon potential. Each zone designation reflects
the average short-term radon measurement that can be expected to be measured in a building without the implementation of radon-control
methods. The radon zone designation of highest priority is Zone 1. Table AF101 lists the Zone 1 counties illustrated on the map. More detailed
information can be obtained from state-specific booklets (EPA-402-R-93-021 through 070) available through State Radon Offices or from EPA
Regional Offices.
FIGURE AF101
EPA MAP OF RADON ZONES
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a.The EPA recommends that this county listing be supplemented with other available State and local data to further understand the radon
potential of a Zone 1 area.
Add new standard(s) as follows:

ASTM

ASTM International
100 Barr Harbor Drive, P.O. Box C700
West Conshohocken PA 19428

E1745: Standard Specification for Plastic Water Vapor Retarders Used in Contact with Soil or Granular Fill under Concrete Slabs
Reason: This code change proposal improves Appendix F by clarifying some construction details, resolving longstanding editorial issues and
addressing a few significant installation problems that impact the effectiveness of radon control in new construction.
The requirement subsections are renumbered to facilitate deletions of redundant material and reorganization. The narrative statement below refers
to the subsection numbers in the proposed text.
Additional detail has been provided on the vent pipe connector in Section AF103.3.3, the connection between the vertical radon vent pipe and
the gas permeable layer below the crawl space or slab. This connection has suffered from consistent clogging with soil, concrete and/or
gravel. A requirement for a couple of short lengths of perforated piping in the gas permeable layer and clarification that the tee fitting shall
secure the vent pipe will largely prevent this clogging.
Another latent problem which occurs often in the field is that the vent piping is routed through the attic space without allowing access to the
vent pipe and leaving insufficient headroom for a fan if system activation is required. Space considerations are provided to address this
problem in Section AF103.5.6. Fan installation remains outside of the scope of AF103.5.6.
Section AF103.4.1, the required 12-inch lapping of joints is reduced to 6 inches, and extension of the soil gas retarder upward on foundation
walls for subslabs is added to match the extension on walls for crawl spaces.
Clearances to prevent radon entry from the exhaust pipe are clarified, and prevention of pipe obstruction by screening material is added, both
within Section AF03.5.1.
In Section AF103.5.3, the vent pipe identification is expanded to clarify the limit of Appendix F radon control.
Lack of sealing of the submembrane soil gas retarder creates problems in systems installed in homes with crawl spaces. In this proposal,
sealing is added (except for where the crawl space will be covered by concrete and where crawl space ventilation exists) to
Several editorial changes clarify and simplify the Appendix without expanding requirements. Along with some fairly self-explanatory edits, these
changes include:
Section AF101 specifies that the scope of the appendix is “radon control methods in new construction.”
Section AF101 would no longer include references to EPA radon zone 1, zone 1 county lists, or the EPA radon map. Voluntary use of the
Appendix by builders and adoptions in jurisdictions beyond Zone 1 reduce the applicability of these materials. According to the Home
Innovations Research Lab report “Radon-Resistant Construction Practices in New U.S. Homes 2016” [see bibliography] 24% of 2016 homes
in Zone 2 were built with radon control. In 2016 the State of Connecticut adopted radon control for all counties; previously Minnesota and
Illinois did the same. Local jurisdictions are adopting the Appendix.
In AF102, the definition of radon gas is simplified, a universal term, radon rough-in, is added to clarify the type of system allowed by Appendix
F, and duplicative references to active and passive subslab methods are deleted in favor of a single definition for subslab systems.
In Section AF103.3.1 Gas Permeable Layer, an option for using stay-in-place forms per 404.1.3.3.6 is added to the choices, and the
specification allowing for “the lateral flow of gases” is moved from the initial sentence to the fifth and final option.
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The description of materials for vent pipes in Section AF103.5 was changed from “ABS, PVC or equivalent” to “comply with P3002.1.”
Redundancies with other code requirements for ventilation, foundation and condensate drains, damp proofing, and air handler sealing have
been removed.
An exception for sealing for floors above conditioned spaces is added in AF 103.6.1.
Sealing requirements for control joints were eliminated in AF 103.6.2.
Most of the changes in this proposal were presented by the proponent in code change proposal or public comment in 2016.
Below for ease of review is the text that would result from the proposed revisions:
APPENDIX F
RADON CONTROL METHODS
AF101.1 General. This appendix contains requirements for radon control methods in new construction.
SECTION AF102 DEFINITIONS
AF102.1 General. For the purpose of these requirements, the terms used shall be defined as follows:
RADON GAS. The element Rn-222, which is a radioactive, colorless, odorless, tasteless, cancer-causing gas that occurs naturally as a decay
product of radium.
RADON ROUGH-IN. The installation of all parts and materials of submembrane or subslab depressurization system including gas permeable
layers, soil gas retarders, membranes, piping, connectors, terminations, and power sources.
SOIL-GAS-RETARDER. A continuous membrane of 6-mil [0.15 mm] polyethylene or other equivalent material used to retard the flow of soil gases
into a building.
SUBMEMBRANE DEPRESSURIZATION SYSTEM. System designed to achieve lower sub-membrane air pressure relative to crawl space air
pressure by use of a fan powered vent drawing air from beneath the soil gas retarder membrane.
SUBSLAB DEPRESSURIZATION SYSTEM. System designed to achieve lower sub-slab air pressure by use of a fan-powered vent drawing air from
beneath the floor slab.
SECTION AF103 REQUIREMENTS
AF103.1 General. AF103 is intended to reduce radon entry and prepare the building for post-construction radon mitigation if necessary.
AF103.2 Radon Rough-in. A rough-in is required for all foundation types, including crawlspace, basement, slab on grade, and slab on grade garage
located below a living area as shown in Figure AF103.2. The rough-in shall be installed prior to pouring of concrete slabs, closure of building cavities,
and installation of finish materials.
Figure AF103.2 Foundation Types
AF103.3 Sub-slab depressurization system rough-in. In basement or slab-on-grade buildings, the components of a sub-slab depressurization
system shall be installed during construction in accordance with AF103.3.1 through AF103.3 and AF103.5 through AF103.6.5.
AF103.3.1 Gas permeable layer. A gas-permeable layer shall be constructed under all concrete slabs and other floor systems that directly contact
the ground and are within the walls of the living spaces of the building. The gas-permeable layer shall consist of one of the following:
A uniform layer of clean aggregate, not less than 4 inches [102 mm] in depth, shall be placed over the soil. The aggregate shall have a void ratio of
not less than 35 percent or a Size Number 4, 5, 56, or 6 as classified by ASTM C33.
A uniform layer of native or fill sand, a minimum of 4 inches [102 mm] in depth, overlain by a layer or strips of geotextile drainage matting. The
geotextile drainage matting shall have a cross-sectional area of at least 12 square inches [774 sq mm]. The closest edge of the geotextile matting
shall be placed no closer than 12 inches [305 mm] to the foundation wall around the interior of the foundation perimeter.
A loop of 4 inch [102 mm] nominal or larger size perforated pipe placed in a trench along the perimeter of the foundation, with the trench backfilled
with clean aggregate having a void ratio of not less than 35 percent or a Size Number 4, 5, 56, or 6 as classified by ASTM C33 such that the pipe is
surrounded by aggregate for at least 1/3 of the outside pipe circumference. The pipe shall be placed no closer than 12 inches [305 mm] to the
foundation wall around the interior of the foundation perimeter.
A loop of interconnected stay-in-place forms used to cast the foundation footing in accordance with 404.1.3.3.6 that is left in place to provide ground
water control and provide a separate channel above the ground water channel for soil gas ventilation, with a cross sectional area no less than 12
square inches [77 sq. cm].
Other materials, systems or floor designs with demonstrated capability to allow the lateral flow of soil gases from across the entire sub-floor area.
AF103.3.2 Vent pipe connector. A 4 inch [102 mm] nominal diameter tee fitting or equivalent method shall be used to secure the vent pipe opening
within the gas permeable layer. Not less than 4 feet [1219 mm] of perforated pipe or geotextile matting shall be connected to each of the two
horizontal openings of the tee fitting or the two horizontal openings shall be connected to the interior drain tile system. Alternatively, a sealed sump
cover where the sump communicates directly with the sub-slab aggregate or communicates with it through a drainage system, shall secure the vent
pipe opening. A flexible rubber coupling connector shall be provided at the sump cover connection to facilitate servicing the sump.
AF103.3.3 Soil gas retarder. A minimum 6-mil [ [.006 in; 0.15 mm] (or 3-mil [ [.003 in; 0.075 mm] cross-laminated) polyethylene or equivalent flexible
sheeting material shall be placed on top of the gas permeable layer prior to casting the slab or placing the floor assembly. The sheeting shall cover
the entire floor area with separate sections of sheeting lapped not less than 12 inches [305 mm] and extend up the surrounding foundation walls not
less than 4 inches [101 mm]. Openings in the sheeting caused by pipe, wire and other penetrations shall be sealed. Punctures or tears in the
material shall be sealed or covered with additional sheeting. AF103.4 Sub-membrane depressurization system rough-in. In buildings with a crawl
space foundation, the components of a sub-membrane depressurization system shall be installed during construction in accordance with AF103.4.1
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through AF103.6.5. `
Exceptions:
Buildings in which an approved mechanical crawl space ventilation system is installed.
Where the soil gas retarder will be covered with concrete, the requirements of 103.3.2 shall apply.
AF103.4.1 Vent pipe connector. A tee fitting shall be installed beneath the soil gas membrane with not less than 10 feet of perforated pipe connected
to each of the two horizontal openings of such fitting or the two horizontal openings of the tee fitting shall connect to the interior drain tile system. The
branch opening of the tee fitting shall be connected to the vent pipe in accordance with section AF103.5.
AF103.4.2 Soil gas membrane. The soil in crawl spaces shall be covered with a continuous layer of soil gas membrane complying with ASTM E1745
Class A, B or C. The membrane shall be lapped not less than 6 inches [152 mm] at joints and shall extend upwards 12 inches [305 mm] and be
sealed to all foundation walls enclosing the crawl space area. Seams shall be sealed with polyurethane caulk complying with ASTM C920 class 25 or
higher, or taped or equivalent method, installed in accordance with the manufacturer's recommendations.
AF103.5 Vent pipe. A 3 inch [76 mm] nominal size or larger gas-tight pipe shall be extended from the tee fitting up through the building floors and in
accordance with Sections AF103.5.1 through AF103.5.6. Materials used shall comply with P3002.1.
AF103.5.1 Vent pipe termination. The vent pipe shall terminate vertically upward not less than 12 inches [305 mm] above the roof and in a location
not less than two feet [51 mm] vertically above, or not less than 10 feet [3048 mm] measured in any other direction from, openings in the building
and adjacent buildings including windows, doors and other gravity air intake openings, exclusive of attic ventilation openings. Where a screen is
installed on the terminus of radon exhaust pipe to prevent the entry of animals, such screen shall have a mesh size with a dimension of not less than
0.5 inch (12.7mm).
AF103.5.2 Vent pipe drainage. The radon vent pipe shall be installed to provide condensate drainage to the ground beneath the slab or membrane.
The pipe shall not be trapped and shall have a minimum slope of one-eighth inch per foot (1 percent slope).
AF103.5.3 Vent pipe identification. Exposed and visible interior radon vent pipes shall be identified with not less than one label on each floor and in
accessible attics. The label shall read “This pipe is a component of a radon control system. A radon test is necessary to verify that the radon level is
below the level recommended by the US EPA..” The height of the label lettering shall be not less than 0.25 inch [6.35 mm].
AF103.5.4 Combination foundations. Where more than one type of foundation is present, each foundation area shall have a separate radon vent pipe
and soil gas collector. Vent pipes shall connect to a single vent that terminates above the roof or each individual vent pipe shall terminate separately
above the roof.
AF103.5.5 Separate foundation areas. In buildings where interior footings or other barriers separate foundation areas, each area shall be fitted with
an individual vent pipe or a pipe loop or equivalent method shall connect such areas below the slab. Vent pipes shall connect to a single vent that
terminates above the roof or each individual vent pipe shall terminate separately above the roof.
AF103.5.6 Provisions for radon fan. To facilitate possible installation of a radon fan, the following shall be provided:
AF103.5.6.1 Vent pipe accessibility. The radon vent pipes shall be provided with access in an attic or other area outside the habitable space for the
purpose of installing a fan. The pipe shall be centered in an unobstructed cylindrical space having a vertical height of not less than 48 inches [122
cm] and a diameter of not less than 21 inches [53 cm] in the location where a fan would be installed.
Exception: Where an approved electrical supply is installed on the roof for future use.
AF103.5.6.2 Radon fan location. Fans shall be located outdoors, in attics or in garages that are not beneath conditioned spaces. Fans shall not be
installed below ground, in conditioned spaces, in occupiable spaces of a building or in any basement, crawlspace or other interior location that is
directly beneath a conditioned or occupiable space of a building. Fans shall not be installed in any location where pipe positively pressured by the fan
would be located inside conditioned or occupiable space.
AF103.5.6.3 Power source. To provide for future installation of a radon fan, an electrical circuit that terminates in an approved junction box shall be
installed in the attic or other anticipated location of a fan.
AF103.6 Entry routes. Potential radon entry routes shall be closed in accordance with Sections AF103.6.1 through AF103.6.5.
AF103.6.1 Floor openings. Openings around bathtubs, showers, water closets, pipes, wires and other objects that penetrate concrete slabs or floor
assemblies shall be sealed in a permanent manner.
Exception: Sealing is not required for floors above conditioned spaces.
AF103.6.2 Concrete joints. Isolation joints, construction joints and other joints in concrete slabs and between slabs and foundation walls shall be
sealed with a caulk or sealant. Gaps and joints shall be cleared of loose material and filled with polyurethane caulk complying with ASTM C920 class
25 or higher or equivalent method installed in accordance with the manufacturer's recommendations.
AF103.6.3 Sumps. Sump pits open to soil or serving as the termination point for subslab or exterior drain tile loops shall be covered with a gasketed
or otherwise sealed lid. Sumps used as a suction point in a subslab depressurization system shall have a lid designed to accommodate the vent
pipe. Sumps used as a floor drain shall have a lid equipped with a trapped inlet.
AF103.6.4 Foundation walls. Hollow block masonry foundation walls shall be constructed with a continuous course of solid masonry, one course of
masonry grouted solid, or a solid concrete beam at or above finished grade to prevent passage of air from the interior of the wall into the living
space. Where a brick veneer or other masonry ledge is installed, the course immediately below that ledge shall be sealed. Joints, cracks and other
openings around penetrations of both exterior and interior surfaces of masonry block and wood foundation walls below the ground surface shall be
filled with polyurethane caulk complying with ASTM C920 class 25 or higher, or equivalent method installed in accordance with the manufacturer's
recommendations. Penetrations of concrete walls shall be sealed.
AF103.6.5 Crawl space access. Access doors and other openings or penetrations between basements and adjoining crawl spaces shall be closed,
gasketed or otherwise filled to prevent air leakage.
Exception: Air sealing is not required for conditioned crawl spaces.
Bibliography: “Radon-Resistant Construction Practices in New U.S. Homes 2016,” prepared by Home Innovations Research Lab, Annual Builder
Practices Survey, 5960-17, for USEPA.
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ASTM E1745
Cost Impact: The code change proposal will increase the cost of construction
The additional cost of the code change in materials is $25: $10 for 10 feet of 4" perforated pipe; $10 for caulk to seal the soil gas retarder and $5 in
additional cost for soil retarder material on walls (offset by the reduction in soil retarder material neded to overlap seams). There is also a labor cost
component which is minimal for the perforated pipe and varable for the sealing depending on the area of the crawl space.
Installation of the existing Appendix F in a single family home is documented in the Home Innovation Research Labs' 2016 report on radon-resistant
construction practices [see bibliography]: "In 2016, the average installation cost for a passive system in a single-family detached home was
approximately $374, up slightly from the $358 reported for 2015 and $332 reported for 2014."
Staff Analysis: A review of the standard proposed for inclusion in the code, ASTM E1745, with regard to the ICC criteria for referenced standards
(Section 3.6 of CP#28) will be posted on the ICC website on or before April 2, 2019.

RB288-19

Public Hearing Results
Committee Action:

Disapproved

Committee Reason: The committee does not want to remove the map and is not in favor of the language in AF101.1. That struck language gave
departments guidance on when to deal with Zone 1 requirements. The map is a key component, especially when jurisdictions are considering
adoption of the appendix. AF103.5.6.2 being added would conflict with previous action. (Vote: 11-0)

Assembly Action:

None

RB288-19

Individual Consideration Agenda
Public Comment 1:
Proponents:
Jane Malone, American Association of Radon Scientists and Technologists, representing American Association of Radon Scientists and
Technologists (jmalone@aarst.org)
requests As Submitted
Commenter's Reason: The reasons stated in the code change proposal remain relevant.
Additional statement in response to the reported committee reason for disapproval:
All over the US, builders are installing radon control systems in counties classified as Zone 1, 2 and 3. In 2016, 24% of Zone 2 homes had radon
systems installed. Radon systems outside of Zone 1 should be subject to code official oversight for compliance with Appendix F. The methods apply
regardless of radon zone.
Cost Impact: The net effect of the public comment and code change proposal will increase the cost of construction
The additional cost of the code change in materials is $25: $10 for 10 feet of 4" perforated pipe; $10 for caulk to seal the soil gas retarder and $5 in
additional cost for soil retarder material on walls (offset by the reduction in soil retarder material needed to overlap seams). There is also a labor
cost component which is minimal for the perforated pipe and variable for the sealing depending on the area of the crawl space.

Public Comment# 1972
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RB289-19

IRC®: AF104 (New)

Proposed Change as Submitted
Proponents: Craig Conner, representing self (craig.conner@mac.com)

2018 International Residential Code
Add new text as follows:
AF104 Testing. Where radon-resistant construction is required, radon testing shall be as specified in Items 1 through 11:
1. Testing shall be performed after the dwelling passes its air tightness test
2. Testing shall be performed after the radon control system and HVAC installations are complete. The HVAC system shall be operating during
the test. Where the radon system has an installed fan, the dwelling shall be tested with the radon fan operating
3. Testing shall be performed at the lowest occupied floor level, whether or not that space is finished. Spaces that are physically separated and
served by different HVAC systems shall be tested separately
4. Testing shall not be performed in a closet, hallway, stairway, laundry room, furnace room, bathroom or kitchen
5. Testing shall be performed with a commercially available radon test kit or with a continuous radon monitor that can be calibrated. Testing with
test kits shall include two tests, and the test results shall be averaged. Testing shall be in accordance with this section and the testing device
manufacturer's instructions
6. Testing shall be performed with the windows closed. Testing shall be performed with the exterior doors closed, except when being used for
entrance or exit. Windows and doors shall be closed for at least 12 hours prior to the testing
7. .Testing shall be performed by the builder, a registered design professional, or an approved third party.
8. Testing shall be conducted over a period of not less than 48 hours or not less that the period specified by the testing device manufacturer,
whichever is longer
9. .Written radon test results shall be provided by the test lab or testing party. The final written test results shall be included with construction
documents.
10. Where the radon test result is 4 pCi/L or greater, the fan for the radon vent pipe shall be installed as specified in Sections AF103.8 and
AF103.12
11. Where the radon test result is 4 pCi/L or greater, the system shall be modified and retested until the test result is less than 4 pCi/L.
Exception: Testing is not required where the occupied space is located above an unenclosed open space.
Reason: Testing is the only way to know if radon levels are below the safety level. Radon is a tasteless colorless gas that can cause lung cancer. Radon
tests are relatively simple and inexpensive. The jurisdiction decides if radon-resistant construction applies in the jurisdiction by adopting (or not adopting)
Appendix F, most commonly adopting the Appendix F in radon zone 1. Both the occupants and the builder want to know that the radon mitigation system
works.
Where radon systems are required, consider this test commissioning for the radon system. Typically the inexpensive radon test kits are mailed off to a
testing lab. The testing lab responds fairly quickly with written results. The “safety” level or range is a test below 4 pCi/L. Besides confirming compliance,
written test results provide the owner with confirmation the home’s radon level is at or below the safety level. For unsold homes, written test results with the
construction documents allow the future owner to know that the home passed its safety test.
Often homes will pass without installing the fan described in Appendix F, with is sometimes called a “passive” radon system. Where a passive system does
not meet the safety level, adding a fan usually lowers the radon level to the safety range.

Bibliography: The American Cancer Society states that “The leading cause of lung cancer in non-smokers is exposure to radon gas.” (ref 1) The link
between radon and lung cancer has been firmly established for about 20 years (ref 2). Radon is estimated to cause about 20,000 deaths per year from
lung cancer (ref 2). Children exposed to high levels of radon are more likely to develop lung cancer later in life. (ref 3). Deaths from radon significantly
exceed deaths from other building-related risks; such as fires, falls, electrocution, tornadoes, hurricanes, winds, fires, etc. In part this is because the codes
have reduced these other risks, but have not addressed radon as well.
1) Lung Cancer Risks for Non-Smokers. American Cancer Society. Nov 6, 2017 https://www.cancer.org/latest-news/why-lung-cancer-strikesnonsmokers.html
Radon “accounts for about 21,000 deaths from lung cancer each year.”
2) U.S. National Research Council Committee on the Biological Effects of Ionizing Radiation. 1999.
https://www.nap.edu/read/5499/chapter/1#viii https://www.nap.edu/read/5499/chapter/5#97
Historically the link between radon and lung cancer was not understood. Radon is an invisible, tasteless and odorless gas. There is a long period between
exposure to radon and the symptoms of lung cancer. Recognition that radon increased lung cancers came from early studies of uranium miners, and was
later confirmed more broadly.
https://www.nap.edu/read/5499/chapter/5#97
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In 1999 it was concluded that residential radon, as well as smoking, were the most important contributors to the lung cancer. Note table 3-10, summed
“total male” and “total female” for both “ever-smokers” and “never-smokers” Actual value in table is 21,800, but is rounded to 21,000.
3) “Canadian Lung Cancer Relative Risk from Radon Exposure for Short Periods in Childhood Compared to a Lifetime” International Journal of
Environmental Research and Public Health. 2013 May; 10(5): 1916–1926.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3709356/
The study concluded: ”... exposure to radon during childhood increases the lifetime risk of developing lung cancer ... if a child lived in a home with very high
radon concentration for only a few years, the risk of developing lung cancer later in the life could be equivalent to a lifetime exposure to moderate radon
concentration.”

Cost Impact: The code change proposal will increase the cost of construction
Radon test kits are inexpensive, less than $50 for the two tests including laboratory determination of results. Tests by radon professionals will likely
be more expensive.

RB289-19

Public Hearing Results
Committee Action:

Disapproved

Committee Reason: Continuous radon monitor testing must be maintained, but this is lacking. There are concerns regarding test kits from
retailers. We usually have a standard for a test. The result should not go to the building official. That said, the committee feels the proponent is onto
something and should continue this work and submit a public comment. (Vote: 7-4)

Assembly Action:

None

RB289-19

Individual Consideration Agenda
Public Comment 1:
IRC®: AF104 (New)
Proponents:
Craig Conner, representing self (craig.conner@mac.com); David Kapturowski, representing AARST & Spruce Environmental Technologies, Inc.;
Ruth Mcburney, representing Conference of Radiation Control Program Directors (rmcburney@crcpd.org); Aaron S Johnson, US EPA,
representing US EPA (johnson.aarons@epa.gov); Janise Stoliarova, representing USEPA (stoliarova.janise@epa.gov)
requests As Modified by Public Comment
Modify as follows:

2018 International Residential Code
AF104 Testing. Where radon-resistant construction is required, radon testing shall be as specified in Items 1 through 11:
1. Testing shall be performed after the dwelling passes its air tightness test
2. Testing shall be performed after the radon control system and HVAC installations are complete. The HVAC system shall be operating during
the test. Where the radon system has an installed fan, the dwelling shall be tested with the radon fan operating
3. Testing shall be performed at the lowest occupied floor level, whether or not that space is finished. Spaces that are physically separated and
served by different HVAC systems shall be tested separately
4. Testing shall not be performed in a closet, hallway, stairway, laundry room, furnace room, bathroom or kitchen
5. Testing shall be performed with a commercially available radon test kit or testing shall be performed by an approved third party with a
continuous radon monitor that can be calibrated. Testing with test kits shall include two tests, and the test results shall be averaged. Testing
shall be in accordance with this section and the testing laboratory kit device manufacturer's instructions
6. Testing shall be performed with the windows closed. Testing shall be performed with the exterior doors closed, except when being used for
entrance or exit. Windows and doors shall be closed for at least 12 hours prior to the testing
7. Testing shall be performed by the builder, a registered design professional, or an approved third party.
8. Testing shall be conducted over a period of not less than 48 hours or not less that the period specified by the testing device manufacturer,
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whichever is longer
9. Written radon test results shall be provided by the test lab or testing party. The final written test results report with results less than 4
pCi/L shall be included with construction documents provided to the code official.
10. Where the radon test result is 4 pCi/L or greater, the fan for the radon vent pipe shall be installed as specified in Sections AF103.8 and
AF103.12
11. Where the radon test result is 4 pCi/L or greater, the system shall be modified and retested until the test result is less than 4 pCi/L.
Exception: Testing is not required where the occupied space is located above an unenclosed open space.
Commenter's Reason:
All who testified against the original proposed change are co-proponents of this public comment. This comment incorporates the results of
discussions both at and after the hearing. The committee suggested a public comment.
Radon systems need to be tested. Nobody can see, hear, taste, or feel radon. Soil under residences can contain high levels of radon.
Construction specified in Appendix F is intended to limit radon entering the residence, but testing is the only way to know if a radon system works.
Testing functions as commissioning for radon systems.
This comment clarifies the radon testing language. The comment clarifies that test kit instructions are in addition to the requirements of the section.
In practice most will test using radon test kits; however, radon professionals may choose to use continuous radon monitors. Both types of testing
are allowed.
This comment specifies a report showing radon results below EPA’s “action level” (4 PCi/l). If initial test results shows a high radon level, items #10
and #11 require modifications and retesting to achieve the lower radon level. Modifications include activating the vent fan described in the existing
Appendix F.
Please approve this public comment to add a radon test to verify radon systems work.
Cost Impact: The net effect of the public comment and code change proposal will increase the cost of construction
Radon test kits are inexpensive, less than $50 for the two tests including laboratory determination of results.

Public Comment# 1440
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