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e Active soil depressurization (ASD) radon mitigation techniques
for use in existing single-family dwellings have been addressed
through U.S. Environmental Protection Agency research that
terminated in the early 1990s

— While ASD has been cost-effective and widely used, the absence
of additional research has left unanswered questions about other
lower cost mitigation strategies that may be especially important
in low-income weatherization and other energy conservation
efforts

e |n this session, we will review both ASD and innovative non-
ASD approaches to radon mitigation

— As well as the research and other evidence concerning their cost-
effectiveness
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e Radon in occupied U.S. housing:
e Causes about 21,000 lung cancer deaths (LCD) each year

e ...o0r1LCDevery 25 minutes
e The risk of dying from indoor radon concentrations at EPA’s
Threshold for Action (4 pCi/L) is 1:50
e There are more homes with elevated radon than any time in
history!
* Today, about 8 million compared to . ..
. . . less than 6 million in 1990

 EPA’s radon measurement protocols have not been updated for
18 years and needed standards have never been written

e The AARST Standards Consortium has initiated a volunteer-base

i development of protocols



e |[ndoor radon concentrations are largely determined by:
— The radon source strength in the soil
e Radon probability maps reflect source strength

— The pressure difference between the house or apartment
and the soil

e Radon probability maps or zones are completely useless in
regard to house specific indoor — soil pressure differences

— Ventilation rates are not critical variables . . .

— Rather, the key is the proportion between
» Soil gas entry versus
» Ambient or outdoor air infiltration

— Level of the house or building
e Higher concentrations are usually the greatest in ground

contact space
JIMURC © 2011 University of Minnesota




Radon Entry

Primary Radon Transport Mechanism:
Indoor to Soil Air Pressure Differences




e Most commonly, mitigation strategies involve soil
depressurization which works by:

— Reversing air pressure relationship between indoors and
the source (soil) and . ..

— ... reducing concentration in the soil adjacent to the
indoors

e Less commonly, mitigation strategies reduce
concentration after entry by:

— Dilution with outdoor air through ventilation

- \_JMURC © 2011 Board of Regents University of Minnesota 6



e Lowest indoor radon concentrations (ALARA)
— Active Soil Depressurization = up to 99% reduction
— Expect less than 2 pCi/L ~ U.S. EPA’s Citizens Guide

e Safe and does not create other problems, e.g.,
-- Backdrafting, condensation damage

e Durable and functional for the expectant life of the building
e Easy to monitor system performance

e Economical to install, operate and maintain

e Quiet and unobtrusive
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e Active Soil Depressurization (ASD)
— Active = fan used to depressurize

— ASD is the global radon mitigation workhorse
e |In otherwords, the method of choice

e Passive Soil Depressurization
— Sometimes used for radon control in new construction
— Almost never used in existing homes

JIMURC © 2011 Board of Regents University of Minnesota



SLAB ON
GRADE

e Depend on type of house foundation

— Basement with and without groundwater control systems

e Drain Tile: Drain Tile Depressurization (DTD)

— Sump: Sump Depressurization
e Baseboard Drainage: Baseboard Depressurization (rare)
e Concrete Block Walls: Block Wall Depressurization (rare)
e None of the above: Subslab Depressurization (SSD)

— Crawl space: Submembrane Depressurization (SMD)

— Slab on grade:

e Subslab Depressurization (SSD)
e Stem Wall Depressurization

JIMURC © 2011 Board of Regents University of Minnesota 9
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The Proven: ASD

Drain Tile Depressurization
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e Suction created in
or next to drain tile
extends under the
floor via drain tile
or aggregate

e This and the

There are alternative vent 5 following slides

pipe routings and fan p e show exterior

locations, for example:

» Indoor routing to fan SR routed systems
located in attic | . — Interior routed
Routing through attached =~ o ¥ systems are often

g CEEE]E
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The Proven: ASD

Sump Depressurization

Suction created
in groundwater
drainage sump
extends under
the floor via
drain tile or
aggregate
— It is critical to
have a well
sealed,
airtight sump
cover

14



The Proven: ASD

Subslab Depressurization

Suction created in
a pit excavated
under slab

Radon collected
and exhausted to
outdoors

Commonly done
when there is no
drain tile or sump
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The Proven: ASD

Submembrane Depressurization

e Suction created
under a
membrane, such
as plastic or
rubber, placed on
exposed soil or
rock

e Membrane is
sealed to
foundation walls

e Alljoints and
seams are sealed
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European Radon Research and Industry Collaboration

Concerted Action (European Commission Contract No: FIRI-CT-2001-
2014)

2001-2004, participants from 20 countries
Coordinator Building Research Establishment, UK
Objectives and work areas

Reduce risks from radon in the built environment
Radon forum on both European and national levels
Public awareness

Mitigation of existing buildings

Protecting new buildings

Building materials

Mapping and measurement protocols

European Radon Website
© 2011 Board of Regents University of Minnesota 18
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Information on Radon

ERRICCA 2, Contract N°
FIRI-CT-2001-20142.

Partners

Meetings and Project
Reports

Laboratory
Contributions

Topic 1: Increasing
public awareness and

confidence.

Topic 2: Building
Materials,

Topic 3: Protecting new
buildings.

Topic 4: Mitigation of
existing buildings.

Topic 5: Mapping and
measurement,

Link to other interesting
Web Sites

Forthcoming Events

News (24-09-2004)
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http://european.radon.ntua.gr/

ERRICCA 2

Finland

JMURC

Technique Examples 25-75% quart. U.S. EPA
Subslab 85-98% 60-90% 50-99%
Depressurization
Draintile Suction 70% effective in high in test 50-99%
10% of cases cases

Block Wall Suction 50-99%
Air cushion method 98% risk of
(soil pressurization)  moisture damage!
Crawlspace 89-96% 0-50%
ventilation
Submemb_ran_e 50-99%
depressurization
Radon well 70-98% 80-95%

20
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The Controversial

ERRICCA 2 Finland
Technique Examples 25-75% quart. U.S. EPA
Entry Route 40% 10-50% only Wlt_h other
Sealing technigues
Basement ventilation 76-94% 20-60%
Installation of a new 10-50%
exhaust ventilation
New supply a_md_ 30-70%
exhaust ventilation
Improvement of 0-50%
existing ventilation
House (basement) 0 not allowed ~
pressurization 92-98% moisture damage ""
Ventilated hollow 96%

floor

© 2011 Board of Regents University of Minnesota
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e Key Messages

e Global Differences in Radon Control: Key Questions

e Radon Prevention Strategies in New Construction
— Pre-Construction Site Assessment
— Passive and Active Soil Depressurization (PSD and ASD)
— Sealing and Membranes/Barriers
— Ventilation

e Radon Mitigation Strategies in Existing Construction
— Passive and Active Soil Depressurization (PSD and ASD)
— Ventilation

e Summary

@M{Jﬁﬂ © 2011 Board of Regents University of Minnesota 23
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What is the cost-effectiveness (C-E) of sealing as a
stand alone mitigation technique in existing
homes?

What is the C-E of sealing as a stand-alone radon
prevention technique in new homes?

What is the C-E of membranes as a radon control
option in new construction?

What is the relative risk of locating radon exhaust
fans indoors?

© 2011 Board of Regents University of Minnesota 24
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What is the relative risk of radon exhausts that
discharge adjacent to the home and at grade?

What is the cost-effectiveness (C-E) of small supply
fans low in buildings used to lower the neutral plane?
e For example, as used in Switzerland

What is the cost-effectiveness of small supply fans

used in upper story or upper floor ceilings as a
pressurization mitigation technique?

e For example, as used in England

© 2011 Board of Regents University of Minnesota 25



WHO Handbook on Indoor Radon

Major Respondents

Hannu Arvela, Finland
— Radiation and Nuclear Safety Authority

Kariann Magnussen, Norway

— The Foundation for Scientific and Industrial Research (SINTEF) Building
and Infrastructure

Anna Naess Rolstad, Norway
— SINTEF Building and Infrastructure

Georges-André Roserens, Switzerland
— Federal Office of Public Health

Chris Scivyer, England

— Building Research Establishment

Dave Wilson, USA
— Oak Ridge National Laboratory

_@ynunc © 2011 Board of Regents University of Minnesota
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e Comments
— Sealing only accessible areas has only worked only 1 in 1500
tries (Dw)
— Results from sealing work are normally 10-30% reductions
(HA)
— Often the first suggested mitigation, besides improved

ventilation, and can often be enough in buildings where
there are big air leakages (km, AR)

e Conclusion

— There appears to be an insufficient foundation to
recommend sealing as a stand alone mitigation technique

e Sealing is important when used with active soil depressurization to
reduce loss of conditioned house air

JMURC © 2011 Board of Regents University of Minnesota

28



e Comments

— Doing this only to reduce loss of conditioned house air, not
as a stand alone technique (Ga)

— Essential part of new construction guidance

e Experience using elastic sealant not good in normal construction
(HA)

e Currently studying use of bitumen felt strips under joints and
preliminary results look good (HA)

e Conclusion
— There appears to be no foundation to recommend sealing
as a stand alone prevention technique

e Sealing is critical as an element of prevention guidance
* Need to follow research developments

IMURC © 2011 Board of Regents University of Minnesota 29



WHO Handbook on Indoor Radon

3. Cost-
Effectiveness
of
Membranes ™ |
Prevention in
New Homes?

- __JMURC © 2011 Board of Regents University of Minnesota
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e Comments
— Misconception that most membranes reduce diffusion (pw)

— Itis difficult to install a membrane without holes

e Small holes in membranes allow for air flows and defeat the
effectiveness of membranes (HA, DW)

— In Norway, there is a technical standard and testing of radon/
moisture membranes (Km, AR)

e Conclusion
— There appears to be an insufficient foundation to recommend

use of membranes for radon prevention in new construction

e |f a membrane is used for radon control, it should meet independent
standards, e.g., SINTEF Byggforsk

<EMUFM: © 2011 Board of Regents University of Minnesota 31



WHO Handbook on Indoor Radon

4. What is the
Relative Risk
of Placing
Radon Fans
Indoors?




WHO Handbook on Indoor Radon

= 4. What is the Relative Risk of

Placing Radon Fans Indoors?
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e Comments

— There is a little over 1% chance after 5 to 12 years of having a
leak on the positive side of the fan (pw)

Based upon 1200 ASD inspections with fans outside conditioned space

— We have experience that small openings for electrical leads on
the positive pressure side can be significant (HA)

e Conclusion

— There is a weak foundation to require placement of radon fans
outside the conditioned space

5’”"”" i

However, the cost of locating the fan outside is minimal and therefore,
it is reasonable to recommend doing so

It would be helpful to have further research on this question

© 2011 Board of Regents University of Minnesota 34



e Comments
— It is house dependent (e.g., exhaust concentrations) (pw)

e We conclude it is better to discharge above the roof

— This is a problem only during rare climatic conditions

e Although we recommend above roof discharges since noise can be an issue

— A discharge above the roof is often not possible (HA)

e Conclusion

— There appears to be a reasonable foundation to recommend
and require discharges ~ roof levels
e Difficult for mitigators to determine house specific risk
e |t would be helpful to have further research on this question

IMURC © 2011 Board of Regents University of Minnesota 35



WHO Handbook on Indoor

Radon

5. What s

the
Relative
Risk of
Radon
Discharges
Located at



WHO Handbook on Indoor Radon

6. Cost-Effectiveness of Using a Small Supply
Fan to Lower the Neutral Pressure Plane?

© 2011 Board of Regents University of Minnesota



* |n moderate climates, such as Ireland and the UK, active
supply ventilation may be used as a radon mitigation
technique

e Aninnovative passive or active supply ventilation
strategy has been used in Switzerland to lower the
neutral pressure plane and thus, decrease radon entry

e |n situations where emanation of radon from building
materials have been a problem, heat recovery ventilators
are used

- \_JMURC © 2011 Board of Regents University of Minnesota
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WHO Handbook on Indoor Radon

Radon Mitigation Strategies: Ventilation of
Occupied Spaces




e Comments

— Background

e Significant radon reduction (e.g., 90 to 95%) at very low mitigation
costs have been observed in Switzerland when done by federal
government mechanical engineer

— Less than 50% reduction and expensive to operate in winter
(HA)

e Conclusion

— There appears to be a a very limited foundation to
recommend use of this technique
e Few mitigators may have the skill to do such installations
e Further research would be helpful ~ low-income mitigation

IMURC © 2011 Board of Regents University of Minnesota 41



WHO Handbook on Indoor Radon

7. Cost-Effectiveness of Using a Small Supply

v A
oD %
e
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You can pressurize the house using a fan which
draws air from the loft space or from outside and
blows it indoors. The technique was originally
developed to reduce condensation problems in »

homes. The method is generally effective only at ¢! '
moderate radon levels, up to about 700 Bg/m3, |
and works better in more airtight dwellings.
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e Comments

— Background

e Used in England with radon reduction up to 70%; originally used in
homes with moisture problems; best in more airtight homes

— Should not be used in either cold or humid regions (HA, bw)

— Requires closed house conditions as well as greater
maintenance and energy than ASD

e Conclusion

— This technique may have limited regional application

e But there are serious concerns in many regions and therefore, the
techniques should not be recommended

e Further research would be helpful especially as homes become more
air tight

- \_JMURC © 2011 Board of Regents University of Minnesota
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Typical Typical
Technique Typical Contractor Annual
Radon Installation Operating
Reduction Costs(0)2 Costs ()b Notes
ASDE High to L Subslab suction is placed in porous stone subslab fill,
Dorosity Subsia 50% t099% | 850 to 2,700 5010275 | groundwater control components, and/or a perforated
y sump
C-
éggs'i;;egé;\;vb 50% to 99% 850 to 2,700 50to 275 Also known as subslab depressurization
ASD¢: Submembrane In accessible crawlspaces, a membrane is placed over
0, 0,
Depressurization 2070 o2t A0 2 00 2T 24 exposed soil and suction is applied under the membran
Under Floor Acti Uses a fan to pressurize or depressurize inaccessible s
Vgnteilratioonor ctive 50% to 99% 550 to 1,600 50to 275 separating the soil and the occupied space (caution: if
plumbing exposed to freezing conditions)
Under Floor Passive 0% 1o 50% 0 to550 if Variabl Not effective in heating dominated regions and in home
Ventilation 010 0 additional vents anable with nonair tight floors (caution: plumbing freeze up)
. Most effective in very porous soils (such as eskers). M:
0, 0
recen el 60% to 95% 2,15010 4,300 Variable be used to reduce radon entry into multiple homes
Most effective in very porous soils with moderately
Soil Pressurization 50% to 99% 550 to 1,600 50 to 275 elevated soil radon and a very air tight soil contacted
concrete slab
Soil Contacted Crawk Most effective when the soil contacted space is relativel
soéceogr:s?sirizart?c\;:/q 50% to 99% 550 to 1,600 150 to 550 air-tight and isolated from outdoors and other indoor
P spaces
Passive Ventilation of Variable/ none 100 to 750 Significant loss of heated or cooled air; not a permanen
Occupied Space temporary mitigation strategy especially in more severe climates
i ilati R f I ly ¢ I heat
Active Ventilation of 30% t0 70% 225 10 2,700 75 10 550 anges from a very small supply fda a balanced hea

Occupied Space

recovery ventilator (both operating continuously)

a|nstallation costs may be higher when: cosmetic treatments to the house are necessary; when local demand for miggatiod/as ffithere is a
shortage of mitigation professionals.
b Fan electricity and house heating/cooling loss costs based on assumptions regarding: climate (moderate); house $imws andttbéelectricity
and heating fuelRohag et al.1992).

¢ ASD refers to active soil depressurization. ASD is highlighted in this table since it is the most radon mitigation technique

d The small supply fan would be used to slightly pressurize spaces in ground contact

Note there are also mitigation techniques for water that are not listed in this table. The two primary water mitigatipreseate aeration and

activated charcoal filtration.




e Since the vast majority of indoor radon is the result
of air pressure driven infiltration of soil gas, most
radon control in new construction focuses on
systems that reduce pressure under the foundation
— Passive soil depressurization

— Active soil depressurization

e |n many European countries, membranes may be
used as the sole prevention strategy

JMURC © 2011 Board of Regents University of Minnesota 46



e Assessing the effectiveness of radon prevention
strategies
— For 25 years, it has been known that radon controls are

not always successful. Therefore radon testing should
be conducted

e Prior to occupancy
e During occupancy

JIMURC © 2011 Board of Regents University of Minnesota
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e Pre-construction site assessment

— A number of approaches are used worldwide

e Mapping areas of relative radon probability based upon
geology and other factors

e |In high risk areas of the Czech Republic and Sweden,
individual building sites may be assessed

e [n most countries, the most cost-effective approach
focuses on the use of radon control systems in all new

homes or those in high risk areas, e.g.,
— Finland, Ireland,

— Norway, Sweden,

— Switzerland, United Kingdom,

— United States

JIMURC © 2011 Board of Regents University of Minnesota




WHO Handbook on Indoor Radon

Radon Prevention Strategies in New
Construction: Pre-construction Site
Assessment (2:3)

49



WHO Handbook on Indoor Radon

Radon Prevention
Strategies in New
Construction: Pre-
construction Site
Assessment (3:3)

- Gamma survey in
Norway

@Munc © 2011 Board of Regents University of Minnesota
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Radon Control Options in New Homes:
Summary of Research on Effectiveness

Wiliam 1. Angell, Professor and Director
Michwest Univessities Radon Consortiuem, University of Minnesots
Average Radon Concentration
PSD PSD
Capped Uncapped
sHomes (pCi/L) (pCift}
CO anc Mi; Caze homes: had some degree of
sealing and poly; “control* homes were from
zame 2ip code areas
D, 1A, MA, MD, N& NM, ND; Moo= Dok
™ EFA =andards, 2o0me no poly, some no
ing: inspected cunng construction

o PaSSIVe SOII 24 : - E::‘..’.o:r-: IL Bk ™ EPA standards but mo

poly under sisb; inspected auring

depressurization | | eezrzion

Monrge Co, NY! vent stacks NOT through
conditioned space; no poly under siad

— Conceptually, the
Same aS U.S. 2002 NOT permeabie layer, 1 home with sub-zisd

sravel had 51% rsdon recuction

Hagerty 7. Mascatine, |A; 12 homes had sub-slab sand,

. . . Weiffentach ' 23 7 D=pe Co., Wi Built ™ £PA stapderds and
d ppl |Cat|0n d nd Wlth 2003 raopected during construction: one 12 pCifl
house had farge leaks

the Same |imitatIOnS Fanzen ' NA Manhstian, KS; Unsealed sump pits, vent

2003; Snesc stack NOT through cong tioned space (1] no
H 2003 change in deficencies over 3 years
o |f . :
I oun d I Ittle City ot Ft . Suilt ~ IRC 2003 {EPA] except no or

Collinz 2008 incompiete sealing: fewer mistakes oyer
document 5

PA; PSD homes had poor sealing, lacked

concerning use and ' L e ik v e A
. mcompiete sealing

effectiveness of

PSD outside the

U.S. > PSD systems in new homes can provide about 50% indoor radon reduction
IF properly installed
__MURC © 2011 Boar® ASD always produce greater indoor radon reduction compared to PSD




e Active soil depressurization

— Conceptually, similar to U.S. applications with exceptions
reflected variation in construction and other factors:

e Discharges were often at grade level
e Fans were often in basements

— The WHO P&M Working Group considered these variations and
the scientific evidence relative to risk and concluded
e Even if the risk for human exposure to system discharge of radon,
ASD systems should be installed in a fashion that minimizes this
risk, e.g., above the highest roof
e Even if the risk for human exposure to system leakage of radon,

ASD systems may be low, it is preferable to minimize this risk by
locating the fan outside and, ideally, above the habitable space

G MURC © 2011 Board of Regents University of Minnesota 52
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e Sealing as stand-alone technique

@’!’Uﬁc ]

— There is considerable differences in opinion in the global
community concerning the value of sealing cracks and openings in
surfaces in ground contact, e.g.,

e Finland had some evidence that sealing alone could modestly reduce
indoor radon

e Norway advocated sealing as initial strategy in a possible multi-
phased mitigation strategy

e Sweden (and the U.S.) do not view sealing as a stand alone technique
— The WHO P&M Working Group concerned the scientific evidence
and concluded sealing as stand-alone technique has limited

potential especially over time and thus, other techniques are
preferable, e.g., ASD

© 2011 Board of Regents University of Minnesota
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e Barriers and membranes

JMURC

— There is considerable differences in opinions in the global
community concerning the effectiveness of barriers and
membranes

e UK researchers indicated that there was little that can wrong with
membranes after installation although the researchers
acknowledge that membranes must be perfectly installed

e Critics argued that it is very difficult to make membranes air-tight
under common construction practices

— Norway appears to be the only country with a standard for
radon membranes

e Although, a standard is under development by the UK’s Radon
Council

© 2011 Board of Regents University of Minnesota
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Full radon protection in in-
situ or ground-supported concrete floor. Barrier under slab, BRE UK

Alternative position for subfloor

depressurisation pipe. Pipe must be
sealed where it penetrates the slab
— Radon barrier | NP |

— Floor __ In-situ
topping concrete
floor slab

Subfloor
depressurisation

pipe dpc

7
B

WHO Radon Project 1/-18.1.2005 H. Arvela




Working detail of full radon
protection in a suspended concrete floor. BRE UK

Floor topping

__ Insulaticn

e |8 1

- S RELERIE - Racdion barrler
WEEPhﬂle — - sealed 1o
i cavity tray

T Suspenced
Positionfor ____ _ concreta floor
optional fan

If needed later S S ' _
- : . Alr vent

T cavityfilled
to support
cavity tray

WHO Radon Project 17-18.1.2005 H. Arvela




Radon prevention,
suspended timber ground floor BRE UK

( Insulation omittad for clarity)

Timbear Flaor

Alr Vent

o

Ground Laval : . '
C1LeN) avel Fioleclive capping

Radon Barriar

Sealed Joint in Radon Barrier Subfleor depressurisation pipe




Sealing of slab-foundation
wall joint. Finland

Use of polyester-
reinforced
bitumen felt

e class TL2

o e.g. K-MS-
170/3000

e castin direct
contact with A
bitumen felt at B ——-
least 15 cm , S

@ WHO Radon Project 17-18.1.2005 H. Arvela
MURC
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Sealing of cellar and slope-house walls

wall of light-weight concrete blocks
e wall surfaces plastered

e bitumen felt on the outer surfaces
(prevention of diffusive and
convective entry + moisture
prevention)

e adequate thermal insulation,
moisture prevention in Nordic ot 5 |
conditions Rl e '50”
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e Fundamentals of ventilation of unoccupied spaces
(e.g., crawlspaces) similar to that in the U.S. with the
following exceptions:

— Much more widely used in some countries where
crawlspaces are more common, e.g., UK

— In Switzerland, very small supply fans are used to lower
the neutral pressure plane and thus, reduce radon entry

JMURC © 2011 Board of Regents University of Minnesota
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Radon Prevention Strategies in New
Construction: Occupied Space Ventilation

e Ventilation of occupied spaces is not commonly
identified as prevention strategy

@m © 2011 Board of Regents University of Minnesota
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Radon Prevention Strategies in New
Construction: Water Treatment

e Water treatment is not a common radon prevention
strategy

@Munc © 2011 Board of Regents University of Minnesota
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Option

Sealing Soil Contacted
Surfaces

Soil Gas
Barriers

Passive Ventilation
Unoccupied Lower Space

Active Ventilation
Unoccupied Lower Space

Active Soil
Depressurization

Passive Soll
Depressurization

Balanced
Ventilation

Radon
Reduction
Potential

None
to Low-Moderate

Highly
Variable

Moderate
to
Good

Good

Moderate
to
Greatest

Low
to
Moderate

Low
to
Moderate

Long-Term
Performance

Usually
Poor to
Fair

Stable but

Often Limited
Rn Reduction

Very
Good

Very
Good

Very
Good

Good if Sealing

is Maintained

Good if

Operated and

Maintained

Monitoring
Ease

Repeated Radon
Testing Required

Repeated Radon
Testing Required

Repeated Radon
Testing Required

Repeated Radon
Testing Required

Pressure &/or
Radon Testing
Needed

Repeated Radon
Testing Required

Repeated Radon
Testing Required d

Quiet and
Unobtrusive

Usually
Very
Good

Very
Good

Very
Good

Good

Usually
Very
Good

Usually
Very
Good

Usually
Very
Good

Cost to
Install Operate
Moderate very
Low
Depends on Virtually
Care and None
Quiality
Low Low
Moderate Moderate
Low Moderate
Low Lowest
Low Moderate to
to High
High g

aActive and passive soil depressurization are highlighted since they are the most common radon control strategies.
bBalanced ventilation refers to ventilation that is balanced between the exhaust from and the supply to the space.



e Active soil depressurization commonly used for
mitigation
— Although not stated in the WHO Radon Handbook, there are
other strategies for radon remediation in existing buildings,
e.g.,

e Soil pressurization (UK; also used for soil contamination
control)

— Commonly, multiple pressurization points @ 0.5 to 1 Pa

IMURC © 2011 Board of Regents University of Minnesota 64



e Recommended premitigation building investigation
and diagnostic tests are similar in the global
community to those in the U.S. with the following
exception:

— Gamma surveys are common in Sweden and other
countries where emanation of radon from building
materials are common, e.g.,

e Aerated light-weight concrete using alum shale aggregate

— Much greater consideration of geology is given areas of
Eskers in Finland, Sweden, and Norway

JMURC © 2011 Board of Regents University of Minnesota 65
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- Gamma survey in
Sweden
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e Active soil depressurization is the most common
mitigation strategy in most countries, e.g.,
— Austria
— Belgium
— Canada
e Where ASD originated
— Finland
— Germany
— Norway
— Slovenia
— Sweden
e Where suction pits originated
— UK
e Much greater use of pre-fabricated sumps is practiced

— USA
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More elaborate designs in some European countries

-,




- Used in extremely
permeable Eskers e | C
(gravel deposits from ' | '
glaciers) especially in

Finland, Norway, and i I i e i s e
Sweden i T AN
- One suction point may | CL- T
reduce radon in e =, \3
multiple homes : - 1 -
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Radon
Mitigation
Strategies:
Ventilation
of
Occupied
Spaces
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Radon Mitigation Strategies : Sealing

e Sealing as stand-alone technique Qo

— There is considerable differences j@@pinion in the global
community concerning the vaI@f sealing cracks and
openings in surfaces in gro contact, e.g.,

e Finland had some evidean(hat sealing alone could modestly
reduce indoor radon '(\

e Norway advocateg? ng as initial strategy in a possible multi-
phased mitiga trategy

e Sweden (a e U S.)

— The W g Group concerned the scientific evidence and
con ﬁealmg as stand-alone technique has limited
potenitial especially over time and thus, other techniques

are preferable, e.g., ASD

),
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e Water treatment is not a common radon mitigation
strategy
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e Both focus on reversing pressure relations between the
soil and occupied space and secondly, sealing entry

routes

— Soil depressurization techniques change pressure
relations

- __JMURC

In mitigation, generally active soil depressurization is used
In mitigation, occasionally mechanical ventilation is used
In new homes, passive soil depressurization may be use

In some cases, it necessary to address radon emanation
from building materials (e.g., S weden and SE U.S. ~
concrete)

Seldom is it necessary to treat water from drilled wells for
radon
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