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Session Objectives

e Understand what factors contribute to the
radon concentration in homes

e Increase awareness of current RRNC codes
and standards

e Review what works and what doesn’t to
achieve low radon results in new construction

e Understand radon requirements in Indoor

What is RRNC?

RADON RESISTANT NEW
CONSTRUCTION (RRNC) BASICS
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Radon

* Invisible, odorless, tasteless, colorless,
inert, radioactive gas

¢ Occurs from the natural breakdown of

Uranium \\\m\
A\ <

* Travels through soil o)

* Enters homes, schools, other buildings =

* Elevated indoor levels found in every state

COLLEGE OF Engineering Extension KANSAS STATE
ENGlNEEﬂNG Radon Programs UNIVERSITY




Radon-Resistant New
Construction

* Promote adoption of
techniques in national, state
and local building codes.

* Encourage voluntary

application of the
techniques by home =

builders I
* Create consumer demand i
for radon-resistant new | D
homes.
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Basic Components of
Passive System
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(to power fan and warnin

device, if needed) \

Vent pipe running between
sub-slab gravel and roof

Sealing and caulking N

Polyethylene soil-gas retarder
between slab and gravel

Large gravel beneath slab ——=33r =7 iy
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How Does it Work?

stack effect draft in the/ =

* The pipe is warmed by Pt
. . =
house air creating a ]|
~ ~

=
pipe.

pipe rises, creating a

* The warmed air in the Lﬁ ﬁ:jm

degrees

slight vacuum on the

cooler soil gas. ‘

COLLEGE OF Engineering Extension
ENGINEE&NG Radon Programs

KANSAS STATE
JNIVERSITY

TYRIGAL SUBSLAB DEPRESSURIZATION PASSIVE RADON SYSTEM VENTED
PASSIVE RADON SYSTEM THROUGH SUMP
*
1
*
ATTIC
| 1
LIVING AREA LIVING AREA
|
GRADE GRADE
& +
1
BASEMENT BASEMENT
POLYETHYLENE SUMP POLYETHYLENE
EETING 2| SLAB COVER SHEETING
SUMP PIT /




PASSIVE RADON SYSTEM USING
DRAIN TILE LOOP
*
ATTIC
Ll
UVING AREA

GRADE [TT
GRAVEL 4 |

BASEMENT

SLAB.
N

1 POLYETHYLENE
] SHEETING
1

DRAIN TILE LOGP

Engineering Extension

SUBMEMBRANE DEPRESSURIZATION SYSTEM
FOR CRAWL SPACE

LIVING AREA +
|
.1 %
FAWL SPA
CHANLSHACE PERFORATED
POLYETHYLENE DRAIN TILE

SHEETING:
\_/_\‘rrrm_ﬁ

e

KANSAS STATE

Air Pressure Variables

Stack Effect

ngineering Extension

Combustion and
Ventilation

3
ENGINEE&NG Radon Programs

UN

IVERSITY

Radon Programs

Indoor airPLUS Revision 4 —
Enclosed Attics

Radon Fundamentals:
1. Soil gas collection
plenum (well-sealed)
2. Vent pipe
3. Fan or Receptacle

Where is the thermal boundary
of the home?
Note: Fan and positively
pressurized pipe must be in
unconditioned space.
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Indoor airPLUS Revision 4 —
Enclosed Attics

Where is the thermal boundary
of the home?

Homes with no accessible attic location for a
fan must utilize another exterior location or a
garage that is not below conditioned space.

A space surrounding the radon pipe, having a
vertical height of not less than 48 inches and a
diameter of not less than 21 inches, shall be
provided in the attic area where the radon fan
can be installed, if required.
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Other Building Practices That Help Other Issues

o T|ght C.O.ncrete Slab W|th ContrOI JOintS ° Vent for each Separate foundation type
Minimizing Cracks o o
* Reduce building depressurization through

* Cover and Seal Sump Pumps duct sealing in unconditioned spaces, air

« Seal Hollow Block Walls infiltration control and fire-stopping

« Seal Joints in HVAC Ductwork * Provide electrical supply box in attic for
future fan and in anticipated locations of

* Seal Other Potential Radon Entry Routes system failure alarms
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Activating a Passive System , ,
Possible Fan Locations

1. Exhaust Fan in the Vent Pipe
FIGURE 302.1
FOUNDATION TYPES

— Standard radon control fans consume 70-90 Watts

o . !
and exhaust 10-40 CFM of conditioned air DV 2 S— \ﬂ
— A tiny fan is all that’s needed in new construction - Assuming no -
20 CFM at 10 Watts gzg‘::g:rf;::pace o Area
2. A Visible or Audible Warning System J IV —- L LI
| ——r 1Sy

*Image from ANSI/AARST CCAH-2013
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Indoor airPLUS Revision 4 — Gut BEI‘IEfItS of Using _Radon'
Rehabs Resistant Techniques

Low-Cost

I

Can | earn the Indoor airPLUS label
in RZ1 if there’s an existing slab?

Prevention of Liability

Marketing Advantage
Aesthetics
Changing Building Codes

Yes, but . ..

1. Active system must be installed

2. Test out upon final inspection
(below 4 pCi/L)

QUTDOOR
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Cost Comparison

New Home Mitigate
Construction Existing Home
$500 - $750 $1000 X $2500 Why did it go so wrong?!
per Home per Home RRNC HOMES EVALUATED
(Labor and Materials)| (Labor and Materials)
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Kansas RRNC Communities

¢ Known Kansas RRNC
Requirements
— Cities
* Manhattan
* Topeka
* Lawrence
Salina
Junction City
DeSoto
Gardner
* Eudora

.

.

.

— Counties
* Shawnee (unincorporated)
« Douglas (unincorporated)
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Saline County Radon Potential

2015 Saline County Radon Average Values
by Zipcode

(67484} (67484}

Average Radon Level =57

Maximum Reported Radon Level =769 RADON

Total Number of Measurements =2941 —

Total Measurements 4 pCi/L or greater =1564 ECE

Total Measurements 20 pCi/L_ or greater = 63 | 20-3. pCiL

Copio 201 KOHE and arss St Unhesiy. Cauton: Ths ma s b roducd g atcolect I .0 pCilL or more
FIE through June of 2014. As further Gata becomes avaiabl, revison wil be necessary. This map i provided g

Vree of charge to the public and is generated for study purposes. only Permission is. heleby given to repmduce Wns o Data

map provided i s reprocuced in 5

dict
oy v 10 1 a2 " G con: el st ALBE B bt Alomiins aim U R
any given residence or bulding. Contact the Kansas Radon Program at (800) 683-5343
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Evaluating Salina’s RRNC-Built Homes

Evaluating Salina’s RRNC-Built Homes

Project History

— Salina received a Level 1 Community Action for a Renewed
Environment (CARE) grant from the U.S. EPA in October 2008 to
identify and prioritize local environmental health issues

* A Level 2 CARE grant awarded in October 2011 funded a broad
community outreach program focused on radon awareness,
measurement, and mitigation

March 4, 2013

* Salina City Commission adopted a modified version of the International

Residential Building Code (IRBC) Appendix F
— Effective as of June 15, 2013

— Appendix F requires that a passive radon reduction system be installed in all
new-built single- and two-family homes
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Project Timeline
— January 2016
* Recruitment letters were sent to 130 new-built homes in Salina. Volunteered
homes would receive
— No-cost evaluation of the passive radon reduction system
— No-cost radon testing of the home
— Activation of the passive system at no cost if the house tested 4.0 pCi/L or higher (EPA
Radon Action Level)
— February 2016
* 16 houses initially responded
— 15 houses were evaluated
» 13 homes evaluated starting week of 3/14
» 2 homes evaluated started week of 3/21
— March 2016

* 6 homes that tested at/above 4.0 pCi/L were activated and retested

COLLEGE OF Engineering Extension KANSAS STATE
ENGlNEEﬂNG Radon Programs UNIVERSITY




Radon Test Results for Evaluated
Homes

Radon test results in Salina, Kansas, with operational passive radon-reduction systems
Street Passive test 1 Passive test 2 Passive test Avg. Post-activation avg. Floor
House #1 16 16 16 1st floor
House #2 17 15 16 Basement
House #3 20 14 1.7 1st floor
House #4 17 19 1.8 1st floor
House #5 18 19 19 Basement
House #6 21 22 2.2 Provided LT Radon Test Basement
House #7 26 25 2.6 Provided LT Radon Test Basement
House #8 26 33 3.0 Provided LT Radon Test Basement
House #9 37 2.8 33 Provided LT Radon Test Basement
House #10 43 4.0 4.2 0.8 Basement
House #11 4.1 4.7 a4 11 Basement
House #12 53 4.8 5.1 1.0 Basement
House #13 55 57 5.6 14 Basement
House #14 6.3 52 5.8 11 Basement
House #15 14.2 13.4 13.8 13 Basement
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Passive Radon System Evaluation
Results

Evaluation Findings
e Common installation errors included
— 6 systems had improperly sealed sump pits near the ventilation pipe
— 7 systems had either no labeling or incomplete labeling
— 5 systems had insufficient clearance in the attic for a fan installation
« Several other systems had clearance for a low-wattage fan but nothing larger
— 2 systems had excessive horizontal pipe runs
— 2 systems had the ventilation pipe completely enclosed in sheet rock
— 1 system had the ventilation pipe cut off within the attic
— None of the systems had electrical junction boxes in the attic near the
ventilation pipe
* Note: The Salina code adoption process voluntarily removed this requirement from
the Appendix F when it was adopted
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Passive Radon System Evaluation
Results

Evaluation Process

e All 15 homes had at least a partial passive radon
reduction system installed

— Systems were evaluated for
* Connection to the sub-slab zone
* Sealing of any sump pits in the home
* Ventilation pipe run from the slab thru the roof
* Ventilation pipe labeling
* Accessibility in the attic for installing a radon reduction fan
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Passive Radon System Evaluation
Results

The ventilation pipe is
required by standard to be
installed with enough space in
the attic to install a radon-
reduction fan if necessary. In
this example, the evaluator
estimated there was just
barely room for a low-wattage
fan.
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Passive Radon System Evaluation
Results

Unsealed sump lids can be a
point of loss of suction from
the passive stack effect of the
radon ventilation pipe. In this
example, the homeowner had
used electrician’s tape to
partially seal the lid.
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Passive Radon System Evaluation
Results

ENGINEE&NG

The ventilation pipe should be
installed in a manner allowing
for relatively easy access for
maintenance or modification.
In this example, the ventilation
pipe was behind a 7-ft hybrid
water heater.
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Passive Radon System Evaluation
Results

Excessive horizontal pipe runs
can reduce the capacity of the
radon ventilation pipe to
develop a passive stack effect.
In this example, beginning at
the floor, the pipe run had
multiple lengths of horizontal
runs and multiple 90 degree
turns, just in the basement of
the home.

Passive Radon System Evaluation
Results
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The standard for passive
radon-reduction systems is for
the ventilation pipe to exit
through the roof, venting
directly to the outside. In this
example, the ventilation pipe
was cut off and allowed to
vent into the attic space.
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Passive Radon System Best Practices

The standard of passive radon system

installations does allow for a sump to be

used as the point of connection to the

sub-slab zone.

In this example, the sump lid is

1) sealed with a gasket,

2) transparent to allow the homeowner
visual access to the sump pit,

3

the ventilation pipe is connected to
the sump lid with a disconnect
coupling, and

4

the lid is labeled as being part of the
radon-reduction system.
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Passive Radon System Best Practices

In homes where the ventilation pipe
could be cut to determine the quality
of the connection to the sub-slab
zone, all cut pipes were connected to
sub-slab drain tile systems.

Ventilation pipes connected to sub-
slab drain tile will, in general, create
better air flow towards the
ventilation pipe, which in general
increases the amount of radon
reduction.

Radon Programs UNIVERSITY
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Passive Radon System Best Practices

The standard for passive radon-
reduction system installations
requires the ventilation pipe to be
clearly labeled 1) once per floor and
2) a minimum of once every 10 feet.

In Kansas, the Kansas Radon
Program (KRP) provides communities
that have adopted passive radon-
control system codes with sticker
labels; check with your code office to
obtain them.

Engineering Extension KANSAS STATE
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Key Takeaway Points

* A house with a passive radon reduction system IS
NOT guaranteed to have an indoor radon under the
EPA Action of 4.0 pCi/L
— All new built homes in Salina should be tested for radon at

time of purchase

* If the radon value is elevated, the passive radon
reduction should be activated

— In the vast majority of homes with passive systems, a low
wattage suction fan will be sufficient to reduce the radon
level to less than 4.0 pCi/L

Radon Programs UNIVERSITY

EING Engineering Extension KANsAS STATE




Testing Reveals Performance!

* Installing RRNC properly enhances the potential that
radon levels will be low.

* The only way to know if the system is successful is to
test.

* Testing can occur when ready for occupancy.

* If the house tests above 4 pCi/L the system should be
activated with a fan and system pressure indicator
added to the pipe.
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International Residential Code (IRC) Appendix F:
| Zone 1 or Locally Determined Data

* Also may be adopted in other|
zones

* EPA Zones
* Red=Zonel>4.0
¢ Orange =Zone 2,2.0t0 4.0
* Yellow =Zone 3<2.0
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Where, When, What & How?

RRNC CODE ADOPTION ISSUES

COLLEGE OF Engineering Extension
EMEENG Radon Programs

Radon Resistant New Construction

e . Statewide Code

’ . Local Code
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RRNC and Building Codes

* RRNC provisions must be in a building code for consistency
* To work across jurisdictions and companies that build homes
* Building codes are adopted by local and state legislative bodies
* Some legislatures delegate details to advisory group/executive branch
* Others specify the exact provisions or references in law
* Jurisdictions adopt codes developed by the International Code Council
* International Code Council (ICC) manages family of codes
* Updates every three years
* International Residential Code (IRC): One and two-family, townhomes
* International Building Code (IBC): Multifamily housing, schools, etc.
* Focused on generic safety/health i.e. imminent death
* Environmental health # priority

COLLEGE OF Engineering Extension KANSAS STATE
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IRC Appendix F: Section 103
Requirements (Overview)

General 7. Vent Pipe Drainage
Subfloor Preparation 8. Vent Pipe Access

EO"-GSS Retarder 9. Vent Pipe Identification

Pglrs},liveo;tjebsmembrane 19Combination
Depressurization (PSD) Soupdatings
Systems: Crawlspace 11. Building N

6. PSD Systems: Basements Depressurization

and Crawlspace 12. Power Source

aobrwbd-=
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Appendix F of the International Residential Code

-4+ RRNCcode in 7 of 8 states —_—
* 1- and 2- family homes, townhomes e
* Basic, passive system only =
*+ No fan, no testing S Sl
+  $350 average cost* (NAHB 2015) *
* Created by builders, code officials,/ = 3
radon industry in the early 1990s
* Updates needed/attempted

(Ranstne IRC 2021 has updated Appendix
F adding measurement — see
next slides
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Trends - RRNC Adoptions

* Required by 11 states (CT IL ME MA MD MI MN NJ OR WA) and more than
100 localities in other states
— How many localities in your state?
* Geographic scope
— All counties (CT IL ME MN MA)
— Zone 1 counties (MA MD MI NJ OR WA)
— Counties with radon average equal to/above 2.7 pCi/L (NE)
* Type of Occupancy
— One- and two- family (CT ME MA MI MD; most localities)
— 1 & 2 family plus apartment buildings (OR)
— All residential buildings (IL NJ MN NE WA)
* Exceptions: (1) Architect- or PE-designed home exempt; (2) builder can
convert to active system, mitigator must test (NE) (’ T

Ee]NG Engineering Extension KANsAS STATE
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Trends — Which Version of RRNC?

1. Added to code / policy as a state-wide requirement
— Appendix F as is: MD MI WA
— Appendix F or ANSI-AARST CCAH: MA
— Amended Appendix F: CT IL NE MA MN OR
— ASTM 1465-08: ME (JD > 4,000)
— Original text: NJ
2. Non-mandatory state-wide approaches
— Local jurisdictions must use Appendix F if adopting RRNC:
FL VA
3. Local adoption — typically Appendix F (exc: Wayne Co OH)

4. ANSI-AARST CC-1000, ANSI-AARST CCAH
— HUD requires ANSI-AARST CC-1000 / CCAH

E”NG Engineering Extension KANSAS STATE
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AARST-ANSI RRNC Standards

AARST /‘@ ANSI/AARST RiRNC‘ 2020 ANSUAARST €C-1000 2017

Rough-in of Radon hessaresns 8 D
Control Components
in 1 & 2 family dwellings

and townhouses 5

Soil Gas Control Systems In

New Construction of Buildings
This standard is limited to e
construction activities only

AARST Consertium on Nationad Radon Standards

[rev————

COLLEGE OF Engineering Extension KANSAS STATE
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AF104 Testing. Where radon-resistant construction is
required, radon testing shall be as specified in
Items 1 through 11: (added this year)

1. Testing shall be performed ..

« after the dwelling passes its air tightness test

» and HVAC installations are complete

« different HVAC systems shall be tested separately

» under closed house conditions

* by builder, design professional, approved 3™ party

* not less than 48 hours

 results less than 4pCi/L shall be provided to code official.

* where result is 4 pCi/L or + fan shall be installed

* where result is 4 pCi/L or + system modified until less
than 4 pCi/L.

EING Engineering Extension KANsAS STATE

Radon Programs UNIVERSITY

AARST @ ANSI/AARST RRNC | 2020

mer: ational Standard

RRNC 2020

Rough-in of Radon
Control Components

This standard provides minimum in 1 & 2 family dwellings
. and townhouses

requirements for the rough-In of

radon control system components

in new dwelling units under Hischeictmly o sirsegtoc
construction. This standard is
harmonized with ANSI/AARST
CCAH, which additionally N AARST Consortium on National Radon Standards
addresses requirements for g A e
verifying if radon concentrations ‘""\j’
are below the national action = 4:: ®,
level and, if required, activation of u i
radon control systems. / /
COLLEGE OF H i i
ENGINEERING S Radon Programe | R S
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AARST-ANSI New Construction
Standards Overview

RRNC (Radon Resistant New Construction) - 2020

+ Similar to ICC Appendix F “Radon Control Methods”
* Requires Rough-in of ASD System
* No Testing Required (For Now)

* Performance Option for Testing less than 4 pCi/L

COLLEGE OF Engineering Extension KANSAS STATE
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AARST-ANSI New Construction
Standards Overview

CCAH - (Construction Code
Applicable to Homes) -2020

* Model Building Code for New Construction
* Adopted as an alternative code to Appendix F in Mass.
* ICC Appendix F code adoption proposals unsuccessful

* HUD adopted for 1 & 2 Family New Construction in 2018

EING Engineering Extension KANSAS STATE
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ANSI/AARST CCAH 2020

CCAH 2020 i |

This standard provides minimum 2 A fans e
requirements for the rough-In of

radon control system components in Reducing Radon in New Construction
new of 1 &2 Family Dwellings and Townhouses

dwelling units under construction.

CCAH also includes minimum

requirements for verifying if radon e G bl -

concentrations are below the national

action level and, if required, activation

of radon control systems. This

standard is harmonized to compliment

the standard designated as B 1] e Y

ANSI/AARST RRNC, which replicates - ¢ & & & o E“'
il M

construction activities for rough-In -]
components only.
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Large Buildings — CC-1000-2018

This standard provides

A ARALT CC- 1000 917
minimum requirements for the m
construction of any building Fee e -

intended for human occupancy,
except for 1 and 2 family
dwellings, in order to reduce
occupant exposure to radon
and other hazardous soil gases.
It addresses the construction of
buildings to be utilized for
multifamily or congregate
residential, educational or

commercial occupancies.

COLLEGE OF Engineering Ext
ENGINEE&NG Radon Programs

Soil Gas Control Systems in
Mew Construction of Buildings

UNIVERSITY
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ANSI-AARST Standards Access

ANSI/AARST national consensus standards are utilized by numerous
federal and state agencies, such as the Department of Housing and
Urban Development (HUD) and the Environmental Protection Agency
(EPA). A national consensus standard is available for every building type.
VERSION 2

Indoor airPLUS

Standards are available for public viewing here:
https://standards.aarst.org/#pb

e “ e , ~ o
== g <L ottfamily B0 ~ Ms \

November 10, 2020

Indoor Air Quality (1AQ)

) United States.
SEPA L ren
S
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Indoor airPLUS Version 2 Timeline 2. Radon
+ Public Comment & Final Development
Following ANSI/AARST standards is recommended
Public EPA Review & 2 Public Comment EPA Review & Final
Revisions w/ IAP-X Drafts of IAP-NC
Comment (Early '21) (Spring "21) (Summer '21)
Reducing Radon in New Construction
162t Dvelngsandownbouss EPA Indoor

alrPLUS

Implementation

IAP-NC V2 Available IAPENC IAP-X S —
" Required Available U=
el 2y (Early 22) (Early 22) 7 2
% 4 R v N\

*Caveat - Does anyone really know what 2021 holds? \A—«‘ “RRNC” - Passive Systems  “CCAH” - Active Systems iA",

i N Available f b vi https://standard /\ =
Public Comment 0pen Through March 17’ 2021 Indoor Air Quality (1AQ) vailable for web view - https://standards.aarst.QLg/u: awm wa)
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2. Radon

ANSUAARST €C-1000 2017

Following ANSI/AARST standards is recommended m

ANSI/AARST CC-1000 provides design detail for et @

buildings 4+ stories above grade
Soil Gas Control Systems In

Exceptions for some buildings with ventilated garages New Construction of Buildings

that meet IMC Section 404

ument does not address 12 Family Dwelngs
and Townhouses thatarethre soresarfewer bove grade.

Key Takeaway:
Some exceptions apply to multifamily--use
consensus-based standards for design

guidance.
“CC-1000" - Active Systems for Large
Buildings
Available for web view - https://standards.aarst.org/
COLLECE OF Engineering Extension KANSAS STATE
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2.1 Radon Zone Identification and Strategy

Questions?

T OTLECE O Engineering Extension KANSsAS STATE
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Radon strategies outlined for ALL ZONES

» In EPA Radon Zone 1
Include active radon mitigation system OR a
passive system and test upon completion

» InEPA
Install a passive radon reduction system OR
test upon completion

> InEPA e -
Comply with one of the options for Zones 1-2 .
OR provide the occupants with the Citizen’s *te

Guide to Radon Radon /

Key takeaway: Identify your radon zone and help the occupants to reduce ooy okt T
their risk of exposure.

COLLEGE OF

Engineering Extension
ENGINEERING IS EEL

Radon Programs

KANSAS STATE
UNIVERSITY

Kansas State University

National Radon Program Services

— increasing public knowledge of radon and the need to test and fix hores
MAIN
PAGE

lung cancer?l Who tests?

fixmy home? @l Resistant?

$1,500 Yes. 21,000 #1cause of 1in15 homes
average cost When done deathsfrom lung @ncer testhigh
tofix properly lung cancer in non-smokers for radon
Bruce Snead — bsnead@ksu.edu 785-532-4992

Brian Hanson — bhanson@ksu.edu 785-532-4996

https://sosradon.org/Resources-for-RRNC-Code-Adoption
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