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Disclaimer

The U.S. Environmental Protection
Agency (EPA) strives to provide
accurate, complete, and useful
information. However, neither EPA nor
any person contributing to the
preparation of this document makes
any warranty, express or implied, with
respect to the usefulness or
effectiveness of any information,
method, or process disclosed in this
material. Nor does EPA assume any
liability for the use of, or for damages
arising from the use of, any
information, method, or process
disclosed in this document.

Mention of firms, trade names, or
commercial products in this document
does not constitute endorsement or
recommendation for use.
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Building the Framework: Introduction

Should You Be Concerned About
Radon?

Yes.

Y — Radon i lorless, odorl that
! \\Q‘@/Zf_&\{%f@ 2 adon is a colorless, odorless gas tha

=\ = 'I"r'lllfﬁ.\‘_ can cause lung cancer. Your
,f 7 customers rely on you to construct a
QI’ / high quality, safe home. You can easily
% _ ™ make a difference in how much radon
’ffa_::: ] gets into the homes you build. By
\ﬁ\(pd; [ [ using a handful of simple building
1?:§: o b{ practices and common materials, you
! |I can effectively lower the radon level in
Z < ii '\ ] | the homes that you build, and build

= T s j most radon problems right out of the
: g Fiass ;. house.




Introduction

Does it make sense to build homes radon-resistant?

Absolutely. There are a number of

reasons why you should consider
installing radon-resistant features.

You can gain a marketing advantage

Offering homes with radon-resistant
features can attract more potential
home buyers, which can translate into
closing more sales and greater profits.
Consumers are becoming more aware
that radon is a health risk, and
building a home with radon-resistant
features could give buyers one more
reason to purchase a home from you.
About one in every six homes is being
built radon-resistant in the United
States every year, averaging about
200,000 homes annually, according to
annual surveys of home builder
practices conducted by the National
Association of Home Builders (NAHB)
Research Center over the past decade.
In high radon areas, about one in every
three homes is built with the features.

Industry surveys continue to
demonstrate a rapidly growing market
for more energy-efficient,
environmentally-friendly, comfortable,
and healthy homes. Radon-reduction
techniques are consistent with state-of-
the-art energy-efficient construction.
The features can also decrease
moisture and other soil gases entering
the home, reducing molds, mildews,
methane, pesticide gases, volatile
organic compounds, and other indoor
air quality problems. When using these
techniques, follow the Model Energy
Code (or other applicable energy codes)
for weatherization, which will result in
energy savings and lower utility bills for
the homeowner.
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It is a good investment for a
home buyer

It is cheaper to install a radon-
reduction system during construction
than to go back and fix a radon problem
identified later. On average, installing
radon-resistant features during
construction costs about $350 - $500,
or even less if you already use some of
the techniques for moisture control or
energy efficiency. (Many builders who
use the techniques have reported
actual costs of $100 or less.) In
contrast, retrofitting an existing home
will typically cost between $800 and
$2500.

[t is effective

A basic radon reduction system, called
a passive sub-slab depressurization
system, effectively reduces radon levels
by an average of about 50% and, in
most cases, to levels below EPA’s action
level. An upgraded system, called an
active sub-slab depressurization
system, includes an in-line fan to
provide even further reductions.

[t is 6implc to install

All of the techniques and materials are
commonly used in construction. No
special skills or materials are required.

Upgrading is easy

After occupancy, all homes should be
tested for radon, even those built with
radon-resistant features. EPA
recommends that homes with radon
levels at or above 4 picocuries per liter
of air (pCi/L) be fixed. Homes with a
passive system can be upgraded to an
active system with the simple
installation of a special in-line fan to
further reduce the radon level.
Typically, the passive system includes a
junction box in the attic to make the
future installation of the fan easy. This
upgrade is also used by some builders
to control moisture in basements and

crawlspaces.






Digging Deeper: Questions and Answers

This chapter digs deeper into some of
the more commonly asked questions
concerning radon-resistant new
construction.




Questions and Answers

What |s Radon?
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Radon is a radioactive gas. It comes
from uranium and radium in soils,
which can be found everywhere in the
world. Uranium is present in rocks
such as granite, shale, phosphate and
pitchblende. Uranium breaks down to
radium, which then decays into radon.
This gas can easily move up through
the soil into the atmosphere. Natural
deposits of uranium and radium, not
man-made sources, produce most of
the radon present in the air.

Radon is in the soil and air everywhere
in varying amounts.

People cannot see, taste, feel, or smell
radon. There is no way to sense the
presence of radon.

Radon levels are commonly expressed
in picocuries per liter of air (pCi/L),
where a picocurie is a measure of

radioactivity.

The national average of indoor radon
levels in homes is about 1.3 pCi/L.
Radon levels outdoors, where radon is
diluted, average about 0.4 pCi/L.

Radon in the soil can be drawn into a
building and can accumulate to high
levels. Every building or home has the
potential for elevated levels of radon.
All homes should be tested for radon,
even those built with radon-resistant
features. EPA recommends taking
action to reduce indoor radon levels
when levels are 4 pCi/L or higher.



Building Radon Out

When radon enters a home, it decays
into radioactive particles that have a
static charge, which attracts them to
particles in the air. These particles can
get trapped in your lungs when you
breathe. As the radioactive particles
break down further, they release bursts
of energy which can damage the DNA in
lung tissue. In some cases, if the lung
tissue does not repair the DNA
correctly, the damage can lead to lung
cancer.

Not everyone exposed to elevated levels
of radon will develop lung cancer, but
your risk of getting radon-induced lung
cancer increases as your exposure to
radon increases (either because the
radon levels are higher or you live in
the home longer). Smokers who have
high radon levels in their homes are at
an especially high risk for getting
radon-induced lung cancer.

s Radon A Significant Health Risk?

The evidence that radon causes lung
cancer is extensive and based on:
human data taken from studies of
underground miners carried out over
more than 50 years in five countries,
including the United States and
Canada; human data from studies in
homes in many different nations,
including the U.S. and Canada; and
biological and molecular studies.

Radon is classified as a
Class A carcihogen (known to
cause cancer in humans).

Some other Class A
carcinogens are arsenic,
asbestos, and benzene.

Radon decay particles
are breathed into the

lungs

Energy released from
radon decay products

damages DNA

11
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ls Radon A Health Problem In Homes?

Radon is the second leading
cause of luhg cancer in the
United States.

Radon causes about 20,000
lung cancer deaths per year.

The following is a sample of
organizations which state that radon is
a health threat in homes:

v U.S. Surgeon General

v American Medical Association

v American Lung Association

v Centers for Disease Control

v National Cancer Institute

v National Academy of Sciences

v Environmental Protection Agency
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The risk of developing lung cancer from
radon has been clearly demonstrated in
underground miners. Did you know
that the average lifetime radon
exposure for the general population is
about the same as the levels of
exposure at which increased risk has
been demonstrated in underground
miners?

A study released by the National
Academy of Sciences on February 19,
1998 called “The Health Effects of
Exposure to Indoor Radon” is the most
definitive accumulation of scientific
data on indoor radon. The report
concludes that radon causes 15,000 -
22,000 deaths per year, making it the
second leading cause of lung cancer in
the U.S. and a serious public health
concern.

Have You Heard Of
Stanley Watras?

Stanley J. Watras was a construction
engineer at the Limerick nuclear power
plant in Pottstown, Pennsylvania. One
day, on his way to work, he entered the
plant and set off the radiation monitor
alarms which help protect workers by
detecting exposure to radiation. Safety
personnel checked him out, but could
not find the source of the radiation.
Interestingly, because the plant was
under construction at the time, there
was no nuclear fuel at the plant. They
discovered the source of radiation
exposure when Watras’s home was
tested and was measured to have very
high radon levels (2,700 pCi/L). After
installing a radon-reduction system,
radon levels in the home tested below
4 pCi/L.
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There is no known safe level of radon.
As your exposure to radon is increased,
so is your risk for developing lung
cancer. Even radon levels below 4pCi/L
pose some risk.

Homes have been found with radon
levels above 20, 100, and in rare cases
even 2000 pCi/L. High indoor radon
levels have been found in every state.

EPA, the Surgeon General, the Centers
for Disease Control, and many other
health organizations recommend that
action be taken to reduce indoor radon
levels at or above 4.0 pCi/L, which is a
reasonably achievable level of radon in
homes using currently available cost-
effective techniques.

Radon is a significant risk. More
people die from lung cancer caused by
radon each year than from many other
highly publicized causes of death.
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ls There A Safe Level Of Radon?
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Questions and Answers

How Does Radon Enter A House?

Common Radon Entry Foints

14

Four main factors drive radon entry
into homes. All of these factors exist

in most homes throughout the country.

1. Uranium is present in the soil

nearly everywhere in the United States.

2. The soil is permeable enough to
allow radon to migrate into the home
through the slab, basement or
crawlspace.

3. There are pathways for the radon to
enter the basement, such as small
holes, cracks, plumbing penetrations,
or sumps. All homes have radon entry
pathways.

4. An air pressure difference between
the basement or crawlspace and the
surrounding soil draws radon into the
home.
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How Does Air Fressure Affect Radon Entry?

The air pressure in a house is generally
lower than in the surrounding air and
soil, particularly in the basement and
foundation levels. This difference in
pressure causes a house to act like a
vacuum, drawing air containing radon
and other soil gases in through
foundation cracks and other openings.
Some of the replacement air comes
from the underlying soil and can
contain radon.

One reason why this pressure
difference occurs is because exhaust
fans remove air from inside the house.
When this air is exhausted, outside air
enters the house to replace it. Another
cause for a pressure difference is that
warm air rises and will leak from
openings in the upper portion of the
house when temperatures are higher
indoors than outdoors. This condition,
known as “stack effect,” causes
unconditioned replacement air to enter
the lower portion of the house.

Mechanical systems, such as the
furnaces or central air conditioners,
may also contribute to the difference in
air pressure. In areas with very short
mild winters, mechanical systems can

be the dominant driving force. Air
handlers and leaky return ducts can
not only draw in radon, they can also
distribute it throughout a home.

7
.
‘% Warm air rises up g- Replacement air enters
g and out through % the house by
Z leaks in the building % infiltration in lower
*Z envelope. Air is é“ levels. Soil gases are
g also drawn out by also drawn into the
= 7 mechanical home where the house

ventilation (e.g.
bathroom fans and
clothes dryers) and

combustion

ﬂ exhaust.

contacts the ground.

NN

N

%
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Questions and Answers

Does Foundation Type Affect Radon Entry?

Because radon can literally be sucked
into a home, any home can potentially
have a radon problem. All conventional
house construction types have been
found to have radon levels exceeding
the action level of 4 pCi/L.

16

radon levels.

Basement

Radon can enter
through floor-to-wall
joints and control
joints and cracks in
the slab.

Crawlepace

The vacuums that
exist within a home
are exerted on the
crawlspaces causing
radon and other
gases to enter the

home from the earthen area below.
Even with crawlspace vents, a slight
vacuum is still exerted on the
crawlspace. Measurements in homes

with crawlspaces have shown elevated

Slab-On-Grade

Radon can enter a

home regardless of

whether or not there is

a basement. Slabs

built on grade can
have just as many openings to allow
radon to enter as do basements.

Manufactured Homes

Unless these

buildings are set up

on piers without any

skirting placed

around them,

interior vacuums can
cause radon to enter these types of
homes as well.
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What Can You Do To Reduce Radon In New Homes?

You can easily draw radon away and help prevent radon from entering the

home by with the following basic steps.

You may already be employing many of
these techniques in the homes that you
build. All of the techniques have
additional benefits associated with
them and they are very easy to install.

Install a sub-slab (or sub-membrane)
depressurization system

The objective of these systems is to
create a vacuum beneath the
foundation which is greater in strength
than the vacuum applied to the soil by
the house itself. The soil gases that are
collected beneath the home are piped
to a safe location to be vented directly
outside.

Use mechanical barriers to soil gas entry
Plastic sheeting and foundation sealing
and caulking can serve as barriers to
radon entry, entry of other soil gases,
and moisture.

Reduce stack effect

Sealing and caulking reduce stack effect,
and thus reduce the negative pressure in
lower levels in the home.

Install air distribution systems so that soil
air is not “mined”

Air-handling units and all ducts in
basements and, especially, in crawlspaces
should be sealed to prevent air, and
radon, from being drawn into the system.
Seamless ducts are preferred for runs
through crawlspaces or beneath slabs.
Any seams or joints in ducts should be
sealed.

Can we keep radon out by sealing
the cracks?

Sealing large cracks and openings is
important to do when you build a
home, both in the lower portion of the
home to reduce radon entry points, and
in the upper portion of the home to
reduce stack effect. However, field
research has shown that attempting to
seal all of the openings in a foundation
is both impractical and ineffective as a
stand-alone technique. Radon can
enter through very small cracks and
openings. These small cracks and
openings are too small to locate and
effectively seal. Even if all cracks could
be sealed during construction, which
would be costly, building settlement
may cause new cracks to occur.
Therefore, sealing large cracks and
openings is one of the key components
of radon-resistant construction, but not
the only technique that should be
employed.

17
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What Are The Radon-Resistant Features?

16

The techniques may vary for different
foundations and site requirements, but
the basic elements of the passive sub-
slab depressurization system are
shown on the opposite page.

In many parts of the country, the
gravel beneath the slab (gas-permeable
layer), plastic sheeting, and sealing and
caulking are already employed for
moisture reduction. In these cases,
simply adding the vent pipe and
junction box is extremely cost-effective
for reducing radon, and so cost-
effective that even a cost-conscious
builder like Habitat for Humanity has
been adding these features in many of
its homes.

There are more in-depth discussions
about installing the features in the next
chapter.

What pulls the soil gas through
the pipe?

If the pipe is routed through warm
space (such as an interior wall or the
furnace flue chase, following local fire
codes), the stack effect can create a
natural draft in the pipe. Because this
method requires no mechanical
devices, it is called a passive soil
depressurization system.

If further reduction is necessary to
bring radon levels in a home below the
action level of 4 pCi/L or even lower, an
in-line fan can be installed in the pipe
to activate the system. The system is
then called an active soil
depressurization system. The future
installation of the fan can be made

easier with a little planning during
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A. Gas Fermeable Layer

Usually a 4-inch layer of clean, coarse
gravel is used beneath the slab to allow
the soil gas to move freely underneath
the house. Other options are to install
a loop of perforated pipe or soil gas
collection mat (also known as drainage

mat or soil gas matting).

B. Plastic Sheeting

Polyethylene sheeting is placed on top
of the gas permeable layer to help
prevent the soil gas from entering the
home. The sheeting also keeps
concrete from clogging the gas
permeable layer when the slab is
poured.

C. Vent Fipe

A 3- or 4-inch (recommended) PVC or
other gas-tight pipe (commonly used for
plumbing) runs from the gas permeable
layer through the house and roof to
safely vent radon and other soil gases
above the house. Although some
builders have used 3-inch pipe, field
results have indicated that passive
systems tend to function better with
4-inch pipe.

? Rad/on Vent Fipe

Junction Box

I

A

L-Eéu{kmg Sea ian.t :

D. Junction Box
An electrical junction box is wired in

case an electric venting fan is needed
later to activate the system.

- f’o{yethy ene Soil-Gas Retainer

<

E. Sealing and Caulking

All openings in the concrete foundation
floor are sealed to prevent soil gas from
entering the home. Also, sealing and
caulking the rest of the building
envelope reduces stack effect in the
home.

19



Questions and Answers

s There A Way To Test The Lot Before Building?

Soil testing for radon is not
recommended for determining whether
a house should be built radon-
resistant. Although soil testing can be
done, it cannot rule out the possibility
that radon could be a problem in the
house you build on that lot. Even if
soil testing reveals low levels of radon
gas in the soil, the amount of radon
that may enter the finished house
cannot be accurately predicted because
one cannot predict the impact that the
site preparation will have on
introducing new radon pathways or the
extent to which a vacuum will be
produced by the house. Furthermore,
the cost of a single soil test for radon
ranges from $70 to $150, and at least 4
to 8 tests could be required to
accurately characterize the radon in the
soil at a single building site. Therefore,
the cost to perform soil testing is very
high when compared with installing the
passive radon system in high radon
potential areas (see page 22 on high
radon potential areas).

Why not wait to install the
features until after the home is
completed and a radon test is
performed?

It is much easier and far less costly to
prepare the sub-grade to improve soil
gas flow before the slab is cast. Also,
the pipe itself can be run more easily
through the house before it is finished.
This significantly improves aesthetics

and can reduce subsequent system

operating costs by planning to route
the pipe through warm space to
maximize passive operation of the
system.

The best way to determine the radon
level in a home: test the home for
radon after occupancy.

20
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Would | Incur Liability By Installing The Features?

New homes built in the United States
are not required to meet a specified
radon level. You are not required to
test a home, nor to guarantee that a
home will meet a specified radon level.
By installing radon-resistant features,
you are proactively offering your home
buyers features designed to reduce
radon levels. Adopting radon-resistant
building techniques should not
increase your liability risks in any
jurisdiction as long as due care is
exercised in following the proper
construction techniques. Especially in
high radon areas, radon-resistant
features may actually help you market
and sell the homes you build.

Once you have decided to build radon-
resistant, you will want to make sure to
install the features properly. If your
building code includes provisions for
the radon features, follow your code
requirements. Otherwise, follow the
guidance provided in this document or
in any of the following documents:

Model Standards and Techniques for
Control of Radon in New Residential
Buildings, EPA, March 1994

Appendix F: One and Two-Family
Dwelling Code, 1995 Edition, Council
of American Building Officials

Appendix D: International One and
Two-Family Dwelling Code, 1998
Edition, International Code Council

Appendix F: International Residential
Code, 2000 Edition, International
Code Council

Standard Guide for Radon Control
Options for the Design and
Construction of New Low Rise
Residential Buildings, E 1465-92,
American Society for Testing and
Materials

- -
[ ] 1-
Amaerican Soclety for
Testing and Materials

21
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Should All New Homes Be Built Radon-Resistant?

All homes could benefit from having a
radon reduction system. However, it is
especially cost effective to install the
features in homes with the greatest
potential for high radon levels.

The potential for elevated radon levels
is not uniform throughout the United
States. EPA and the U.S. Geological
Survey have identified areas of the
country with the greatest potential for
high radon levels. The map shown on
the next page is the result of indoor
radon measurements, local geology,
and population densities in a combined
effort to rank radon potentials in all
counties across the U.S. The map
indicates three radon potential zones
defined by the likelihood of finding
radon measurements within certain
ranges when a short-term closed
building radon test is performed.

22

EFPA recommends that all
homes built in Zone 1 (high
radon potential) areas have
radon reduction systems.

NAHB also recommends using the
passive system in homes in high radon
potential areas (Zone 1). Zone 1
counties are listed by state on pages 24
and 25.

If you are building in a Zone 2 or 3
area, the homes you build could still
have high radon levels, particularly if
there is a radon “hot spot” in your
county. According to an annual survey
by the NAHB Research Center, about
60,000 homes in Zone 2 and 3 are built
with radon-resistant techniques each
year. You may want to consider
applying the techniques in these areas
too. Since the map was developed,
many States have acquired additional
information on high radon areas.
Contact your state radon office for more
information.

Consumers have asked for the radon-
reduction features in many different
parts of the country and in all three
radon zones.
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Introduction

List of Zone

ALABAMA
Calhoun
Clay
Cleburne
Colbert
Coosa
Franklin
Jackson
Lauderdale
Lawrence
Limestone
Madison
Morgan
Talladega

CALIFORNIA
Santa Barbara
Ventura

COLORADO
Adams
Arapahoe
Baca

Bent
Boulder
Chaffee
Cheyenne
Clear Creek
Crowley
Custer
Delta
Denver
Dolores
Douglas

El Paso
Elbert
Fremont
Garfield
Gilpin
Grand
Gunnison
Huerfano
Jackson
Jefferson
Kiowa

Kit Carson
Lake
Larimer
Las Animas
Lincoln
Logan

24

Mesa
Moffat
Montezuma
Montrose
Morgan
Otero
Ouray

Park
Phillips
Pitkin
Prowers
Pueblo

Rio Blanco
San Miguel
Summit
Teller
Washington
Weld

Yuma

CONNECTICUT
Fairfield
Middlesex

New Haven

New London

GEORGIA
Cobb

De Kalb
Fulton
Gwinnett

IDAHO
Benewah
Blaine
Boise
Bonner
Boundary
Butte
Camas
Clark
Clearwater
Custer
Elmore
Fremont
Gooding
Idaho
Kootenai
Latah
Lemhi
Shoshone
Valley

ILLINOIS
Adams
Boone
Brown
Bureau
Calhoun
Carroll
Cass
Champaign
Coles

De Kalb
De Witt
Douglas
Edgar
Ford
Fulton
Greene
Grundy
Hancock
Henderson
Henry
Iroquois
Jersey

Jo Daviess
Kane
Kendall
Knox

La Salle
Lee
Livingston
Logan
Macon
Marshall
Mason
McDonough
McLean
Menard
Mercer
Morgan
Moultrie
Ogle
Peoria
Piatt

Pike
Putnam
Rock Island
Sangamon
Schuyler
Scott
Stark
Stephenson

1 Counties

Tazewell
Vermilion
Warren
Whiteside
Winnebago
Woodford

INDIANA
Adams
Allen
Bartholomew
Benton
Blackford
Boone
Carroll
Cass
Clark
Clinton
De Kalb
Decatur
Delaware
Elkhart
Fayette
Fountain
Fulton
Grant
Hamilton
Hancock
Harrison
Hendricks
Henry
Howard
Huntington
Jay
Jennings
Johnson
Kosciusko
Lagrange
Lawrence
Madison
Marion
Marshall
Miami
Monroe
Montgomery
Noble
Orange
Putnam
Randolph
Rush
Scott

Shelby
Steuben
St. Joseph
Tippecanoe
Tipton
Union
Vermillion
Wabash
Warren
Washington
Wayne
Wells
White
Whitley

IOWA
All Counties

KANSAS
Atchison
Barton
Brown
Cheyenne
Clay
Cloud
Decatur
Dickinson
Douglas
Ellis
Ellsworth
Finney
Ford
Geary
Gove
Graham
Grant
Gray
Greeley
Hamilton
Haskell
Hodgeman
Jackson
Jewell
Johnson
Kearny
Kingman
Kiowa
Lane
Leavenworth
Lincoln
Logan

Marion
Marshall
McPherson
Meade
Mitchell
Nemaha
Ness
Norton
Osborne
Ottawa
Pawnee
Phillips
Pottawatomie
Pratt
Rawlins
Republic
Rice

Riley
Rooks
Rush
Russell
Saline
Scott
Sheridan
Sherman
Smith
Stanton
Thomas
Trego
Wallace
Washington
Wichita
Wyandotte

KENTUCKY
Adair

Allen

Barren
Bourbon
Boyle

Bullitt
Casey

Clark
Cumberland
Fayette
Franklin
Green
Harrison
Hart
Jefferson
Jessamine

Lincoln
Marion
Mercer
Metcalfe
Monroe
Nelson
Pendleton
Pulaski
Robertson
Russell
Scott
Taylor
Warren
Woodford

MAINE
Androscoggin
Aroostook
Cumberland
Franklin
Hancock
Kennebec
Lincoln
Oxford
Penobscot
Piscataquis
Somerset
York

MARYLAND
Baltimore
Calvert
Carroll
Frederick
Harford
Howard
Montgomery
Washington

MASSACHUSETTS
Essex
Middlesex
Worcester

MICHIGAN
Branch
Calhoun
Cass
Hillsdale
Jackson
Kalamazoo

Lenawee
St. Joseph
Washtenaw

MINNESOTA
Becker

Big Stone
Blue Earth
Brown
Carver
Chippewa
Clay
Cottonwood
Dakota
Dodge
Douglas
Faribault
Fillmore
Freeborn
Goodhue
Grant
Hennepin
Houston
Hubbard
Jackson
Kanabec
Kandiyohi
Kittson
Lac Qui Parle
Le Sueur
Lincoln
Lyon
Mahnomen
Marshall
Martin
McLeod
Meeker
Mower
Murray
Nicollet
Nobles
Norman
Olmsted
Otter Tail
Pennington
Pipestone
Polk

Pope
Ramsey
Red Lake
Redwood

Renville
Rice

Rock
Roseau
Scott
Sherburne
Sibley
Stearns
Steele
Stevens
Swift

Todd
Traverse
Wabasha
Wadena
Waseca
Washington
Watonwan
Wilkin
Winona
Wright
Yellow Medicine

MISSOURI
Andrew
Atchison
Buchanan
Cass

Clay
Clinton
Holt

Iron
Jackson
Nodaway
Platte

MONTANA
Beaverhead
Big Horn
Blaine
Broadwater
Carbon
Carter
Cascade
Chouteau
Custer
Daniels
Dawson
Deer Lodge
Fallon
Fergus

Flathead
Gallatin
Garfield
Glacier
Granite

Hill
Jefferson
Judith Basin
Lake

Lewis and Clark
Liberty
Lincoln
Madison
McCone
Meagher
Mineral
Missoula
Park

Phillips
Pondera
Powder River
Powell
Prairie
Ravalli
Richland
Roosevelt
Rosebud
Sanders
Sheridan
Silver Bow
Stillwater
Teton

Toole

Valley
Wibaux
Yellowstone
National Park

NEBRASKA
Adams
Boone
Boyd
Burt
Butler
Cass
Cedar
Clay
Colfax
Cuming
Dakota
Dixon
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Dodge
Douglas
Fillmore
Franklin
Frontier
Furnas
Gage
Gosper
Greeley
Hamilton
Harlan
Hayes
Hitchcock
Hurston
Jefferson
Johnson
Kearney
Knox
Lancaster
Madison
Nance
Nemaha
Nuckolls
Otoe
Pawnee
Phelps
Pierce
Platte
Polk

Red Willow
Richardson
Saline
Sarpy
Saunders
Seward
Stanton
Thayer
Washington
Wayne
Webster
York

NEW
HAMPSHIRE

Carroll

NEW JERSEY
Hunterdon
Mercer
Monmouth
Morris

Somerset
Sussex
Warren

NEW MEXICO
Bernalillo
Colfax

Mora

Rio Arriba
San Miguel
Santa Fe

Taos

NEVADA
Carson City
Douglas
Eureka
Lander
Lincoln
Lyon
Mineral
Pershing
White Pine

NEW YORK
Albany
Allegany
Broome
Cattaraugus
Cayuga
Chautauqua
Chemung
Chenango
Columbia
Cortland
Delaware
Dutchess
Erie
Genesee
Greene
Livingston
Madison
Onondaga
Ontario
Orange
Otsego
Putnam
Rensselaer
Schoharie
Schuyler
Seneca

Steuben
Sullivan
Tioga
Tompkins
Ulster
Washington
Wyoming
Yates

N. CAROLINA
Alleghany
Buncombe
Cherokee
Henderson
Mitchell
Rockingham
Transylvania
Watauga

N. DAKOTA
All Counties

OHIO
Adams
Allen
Ashland
Auglaize
Belmont
Butler
Carroll
Champaign
Clark
Clinton
Columbiana
Coshocton
Crawford
Darke
Delaware
Fairfield
Fayette
Franklin
Greene
Guernsey
Hamilton
Hancock
Hardin_
Harrison
Holmes
Huron
Jefferson
Knox

Licking Indiana Edmunds
Logan Juniata Faulk
Madison Lackawanna Grant
Marion Lancaster Hamlin
Mercer Lebanon Hand
Miami Lehigh Hanson
Montgomery Luzerne Hughes
Morrow Lycoming Hutchinson
Muskingum Mifflin Hyde
Perry Monroe Jerauld
Pickaway Montgomery Kingsbury
Pike Montour Lake
Preble Northampton Lincoln
Richland Northumberland Lyman
Ross Perry Marshall
Seneca Schuylkill McCook
Shelby Snyder McPherson
Stark Sullivan Miner
Summit Susquehanna Minnehaha
Tuscarawas Tioga Moody
Union Union Perkins
Van Wert Venango Potter
Warren Westmoreland  Roberts
Wayne Wyoming Sanborn
Wyandot York Spink
Stanley
PENNSYLVANIA RHODE I1SLAND Sully
Adams Kent Turner
Allegheny Washington Union
Armstrong Walworth
Beaver S. CAROLINA  Yankton
Bedford Greenville
Berks TENNESSEE
Blair S. DAKOTA Anderson
Bradford Aurora Bedford
Bucks Beadle Blount
Butler Bon Homme Bradley
Cameron Brookings Claiborne
Carbon Brown Davidson
Centre Brule Giles
Chester Buffalo Grainger
Clarion Campbell Greene
Clearfield Charles Mix Hamblen
Clinton Clark Hancock
Columbia Clay Hawkins
Cumberland Codington Hickman
Dauphin Corson Humphreys
Delaware Davison Jackson
Franklin Day Jefferson
Fulton Deuel Knox
Huntingdon Douglas Lawrence

Lewis
Lincoln
Loudon
Marshall
Maury
McMinn
Meigs
Monroe
Moore
Perry
Roane
Rutherford
Smith
Sullivan
Trousdale
Union
Washington
Wayne
Williamson
Wilson

UTAH
Carbon
Duchesne
Grand
Piute
Sanpete
Sevier
Uintah

VIRGINIA
Alleghany
Amelia
Appomattox
Augusta
Bath

Bland
Botetourt
Bristol
Brunswick
Buckingham
Buena Vista
Campbell
Chesterfield
Clarke
Clifton Forge
Covington
Craig
Cumberland
Danville
Dinwiddie

Fairfax

Falls Church
Fluvanna
Frederick
Fredericksburg
Giles
Goochland
Harrisonburg
Henry
Highland
Lee
Lexington
Louisa
Martinsville
Montgomery
Nottoway
Orange

Page

Patrick
Pittsylvania
Powhatan
Pulaski
Radford
Roanoke
Rockbridge
Rockingham
Russell
Salem

Scott
Shenandoah
Smyth
Spotsylvania
Stafford
Staunton
Tazewell
Warren
Washington
Waynesboro
Winchester
Wythe

WASHINGTON
Berkeley
Brooke

Clark

Ferry

Grant
Greenbrier
Hampshire
Hancock

Hardy

Jefferson
Marshall
Mercer
Mineral
Monongalia
Monroe
Morgan
Ohio
Okanogan
Pend Oreille
Pendleton
Pocahontas
Preston
Skamania
Spokane
Stevens
Summers
Wetzel

WISCONSIN
Buffalo
Crawford
Dane

Dodge

Door

Fond du Lac
Grant
Green
Green Lake
Towa
Jefferson
Lafayette
Langlade
Marathon
Menominee
Pepin

Pierce
Portage
Richland
Rock
Shawano
St. Croix
Vernon
Walworth
Washington
Waukesha
Waupaca
Wood

WYOMING
Albany

Big Horn
Campbell
Carbon
Converse
Crook
Fremont
Goshen
Hot Springs
Johnson
Laramie
Lincoln
Natrona
Niobrara
Park
Sheridan
Sublette
Sweetwater
Teton
Uinta
Washakie
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Nuts and Bolts: Installation Guide

Installation is easy.

r e As you’ll see in this chapter, installing
radon-resistant features is simple,
because you use common building
practices and materials.

Proper installation of the radon-
resistant features is very important.
Improper installation could actually
increase indoor radon levels.

This section gives you step-by-step
instructions - the nuts and bolts - on

how to install radon-resistant features.

The techniques in this document apply
primarily to new one- and two- family
dwellings and other residential
buildings three stories or less in
height.
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Step-By-Step Installation Guide

Planning Step 1
el

Answer The Question: To Install Or Not To

To help you answer this question,
consider the following points:

26

Do you want to reap the benefits
of installing the features?

The features not only protect your
customer’s health, they also affect your
bottom line: your profit. A small
investment up front on your part may
make a big difference in return down
the road, particularly as home buyers
are increasingly looking for
environmentally-conscious builders and
healthy homes.

Install?

Are you building in a Zone 1 area?

Check the radon potential map and the
list of Zone 1 counties in the previous
chapter. Some states and counties
have done further research on radon
potential, and you can check with your
state or county government to find out
whether additional information is

available.

If you are building in a Zone 1 area, you
should install radon-resistant features
in the homes that you build. Some
builders also choose to install the
features in Zone 2 and 3 areas,
particularly if radon-resistant
construction is a common practice in
their area.
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Are you required by code to use
radon-resistant techniques?

Some states and local juridisdictions
have adopted Appendix F of the 1995
CABO One & Two Family Dwelling Code,
Appendix D of the 1998 International One
& Two Family Dwelling Code, or a
similar code requiring installation of
the radon-resistant features. The
International Code Council’s new
International Residential Code,
published in early 2000, also contains a
voluntary appendix for radon-resistant
construction requirements that
becomes effective if the appendix is
adopted with the code. If you don’t
already know what is required in your
area, check with your local code official
for more information.

Are other builders in your area
installing radon-resistant
features?

If so, you may want to find out why they
are installing the features, how much it
costs to install the features in your
area, and what the market response
has been.

Are the home buyers in your area
interested in features that
improve indoor air quality or
energy efficiency?

A sub-slab depressurization system not
only helps to reduce indoor radon levels,
but also may help to reduce moisture
and other soil gases. The techniques
also improve energy-efficiency, which
can translate into energy savings for
the home buyer.
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Step-By-Step Installation Guide

Planning Step 2

Determine What Type Of System To Install

There are three general types of radon-
reduction systems that builders have
installed.

30

Recommended Option

Passive sub-slab or sub-membrane

depressurization system

It is cost-effective and recommended to
install a complete passive sub-slab or
sub-membrane depressurization
system, which would be fully-
functioning as soon as construction is
finished. The home should be tested
after occupancy, and the passive
system should be activated if post-
occupancy testing reveals radon levels
at or above 4 pCi/L.

Passive System
in Crawlspace

X

LIWIMG ARE&

CRAWL SPACE

GRADE POLYETHYLEME
LEVEL SHEETING

FPassive System
in Basement or with
Slab-on-grade

FERFOSATED

T DRAIN TILE

4

LIVING ARE&

sRADE (] [

BASEMEMNT

SLAE

PioLY-
ETHYLEME

SHEETING \
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Active System
in Basement or with
Slab-on-grade

/

+
T ELECIHICAL

JUNCTION B

LIWING AREA

FOLY-
BEASEMENT ETH¥LENE

SHEETING
SLAE \

Upgraded Option

Active sub-slab or sub-membrane
depressurization system

Activating a passive system by adding
an in-line fan would be an effective
upgrade during construction. Virtually
all homes with an active system have
radon levels below the 4 pCi/L action
level.

Not Recommended

Passive system “rough-in”

Some builders perform only the sub-slab
preparation and stub the vent pipe
above the slab. A vent pipe can be
connected and routed through the home
and roof later if radon levels are high.
This is not the recommended
approach. It is much more cost-
effective to run the vent pipe through
the house during construction rather
than after the walls have been closed
up. However, if you elect to “roughin”a
radon-reduction system, it is important to
be clear with the home buyer that the
home is not equipped with a functioning
system. Be sure to seal off the riser stub
so that radon is not being vented into the
living space. Also, label the stub so it is
not used as a plumbing waste line.
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Step-By-Step Installation Guide

Planning Step &

Determine Vent Fipe Location And Size

Route Fipe Through Warm Spaces

The vent pipe exhausts radon collected
from beneath the slab or crawlspace.
One objective of a radon system in a
new home is to install it in such a
manner that a natural draft occurs in
the pipe to draw the radon from the soil
without the use of a fan. To accomplish
this, route the pipe up through a warm
part of the house and exhaust it
through the roof.

Ideally, the vent pipe should be
installed in a vertical run, with the
least number of elbows which could
restrict air flow. A radon vent pipe can
also be run through the same chase as
the furnace and water heater flue. Do
not tie them together, but rather allow
for enough room to route the radon
vent pipe up alongside the flues with
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proper clearances consistent with local
building and fire codes. This means
that the riser should be brought up
through the slab within the same room
as the furnace or water heater. This
requires a little planning on your part
to identify this location before the slab
is poured and to allow for sufficient
room in the chase.

In cold climates, do not route the pipe
up through an outside wall. Routing the
pipe up an outside wall will reduce the
natural thermal stack effect in the vent
pipe, reducing its effectiveness. It will
also make it difficult to install a fan in
the attic if it is needed later on. A
better option is to route the pipe up
through an interior wall.

In hot climates and predominantly air-
conditioned houses, the passive stack
will depend more on wind, a hot attic,
and sun heating the pipe.
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Discharge Location

To prevent radon from re-entering the
house or any other nearby buildings,
make sure the vent pipe exhausts:

v a minimum of 12 inches above the
surface of the roof

v a minimum of 10 feet away from any
windows or other openings in the
building

v a minimum of 10 feet away from any
windows or other openings in
adjoining or adjacent buildings

If you are routing the pipe through the
same chase as the furnace flue, the
vent pipe needs to exit the roof at least
10 feet away from the furnace flue.
Plan to elbow the pipe away from the
flue in the attic to maintain this
separation above the roof. However,
the additional elbows and horizontal
pipe length will restrict air flow through
the pipe if the system is activated. Use
45 degree joints to reduce friction.

Use 4-inch Pipe When Fossible

When deciding between 3-inch and
4-inch pipe (PVC or ABS), the 3-inch
pipe size is the minimum you should
use. However, 4-inch pipe is the
preferred choice for a couple of reasons.
Field results have indicated that
passive systems tend to function better
with 4-inch pipe. A 4-inch pipe will also
allow for a quieter system if the system
is activated.
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Step-By-Step Installation Guide

The type of system you install

also depends on foundation type. Please
see the pages listed below which
correspond to the type of foundation you
will be using.

Basement or Slab-on-Grade

See page 35

4

Crawlepace

See page 45

Combination Foundation

Treat each foundation
separately and use the
appropriate
techniques for each
foundation segment.
Pay special attention
to the points at which
different foundation
types join, because
soil-gas entry routes
exist in such
locations. For an
alternative, see

page 