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Standard Practice for
Installing Radon Mitigation Systems in Existing Low-Rise
Residential Buildings *

This standard is issued under the fixed designation E 2121; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonej indicates an editorial change since the last revision or reapproval.

1. Scope 1.7 This standard does not purport to address all of the

1.1 This practice describes methods for reducing radofafety concerns, if any, associated with its use. It is the
entry into existing attached and detached residential building&sSPonsibility of the user of this standard to establish appro-
three stories or less in height. This practice is intended for usBrate safety and health practices and determine the applica-
by trained, certified or licenced, or both, or otherwise qualified?ility of regulatory limitations prior to useSee Section 6 for
individuals. specific safety hazards.

1.2 These methods are based on radon mitigation techniqutis
that have been effective in reducing radon levels in a wide™
range of residential buildings and soil conditions. These fan 2:1 ASTM Standards: _
powered mitigation methods are listed in Appendix X1. More E 631 Terminology of Building Constructiohs

detailed information is contained in references cited throughout E 779 Test Method for Determining Air Leakage Rate by
this practice. Fan Pressurizatién

1.3 This practice is intended to provide radon mitigation E 1465 Guide for Radon Control Options for the Design

contractors with a uniform set of practices that will ensure a _and Construction of New Low-Rise Residential Buildifigs
high degree of safety and the likelihood of success in retrofit- E 1745 Specification for Plastic Water Vapor Retarders
ting low rise residential buildings with radon mitigation Used in Contact With Soil or Granular Fill Under Concrete
systems. Slabs . o

1.4 The methods described in this practice apply to cur- E 1998 Guide for Assessing Depressurization-Induced
rently occupied or formerly occupied residential buildings, ~ Backdrafting and Spillage from Vented Combustion Appli-
including buildings converted or being converted to residential anced o
use, as well as, residential buildings changed or being changed2-2 Government Publications: B
by addition(s), or alteration(s), or both. The radon reduction EPA "A Citizen’s Guide to Radon (Second Edition),” EPA
activities performed on new dwellings, while under construc- _ 402-K92-001, May 1992 o
tion, before occupancy, and for up to one year after occupancy, EPA “Consumer’s Guide to Radon Reduction,” EPA 402-
are covered by Guide E 1465. K92-003, August, 1992 o

1.5 This practice also is intended as a model set of practices, EPA “Home Buyers and Sellers Guide,” EPA 402-K-
which can be adopted or modified by state and local jurisdic- 00-008, July 2000 o
tions, to fulfill objectives of their specific radon contractor EPA “Handbook, Sub-Slab Depressurization for Low-
certification or licensure programs. Radon mitigation per- ~ Permeability Fill Material,” EPA/625/6-91/029, July

formed in accordance with this practice is considered ordinary 19%f . . .
repair. EPA “Radon Reduction Techniques for Existing Detached

1.6 The methods addressed in this practice include the Houses, Technical Guidance (Second Edition),” EPA/

following categories of contractor activity: general practices, 62?/5_87/019’ Revised January, 1988
building investigation, systems design, systems installation, EPA “Radon Reduction Techniques for Existing Detached

materials, monitors and labeling, post-mitigation testing, and ~ Houses, Technical Guidance (;I'hird Edition) for Active
documentation. Soil Depressurization Systems,” EPA/625/R-93-011, Oc-

tober, 1993

Referenced Documents

1 This practice is under the jurisdiction of ASTM Committee E06 on Perforr ——————
mance of Buildings and is the direct responsibility of Subcommittee E06.41 on Air 2 Annual Book of ASTM Standardgol 04.11.

Leakage and Ventilation Performance. 2 Annual Book of ASTM Standardgol 04.12.
Current edition approved Dec. 10, 2002. Published January 2003. Originally “ Available from the U.S. Environmental Protection Agency, 1200 Pennsylvania
approved in 2001. Last previous edition approved in 2002 as E 2121-02. Avenue, NW, Washington, DC 20460.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.



NOTICE: This standard has either been superceded and replaced by a new version or discontinued.
Contact ASTM International (www.astm.org) for the latest information.

Ay E 2121 - 02a
“afl

EPA “Radon Mitigation Standards,” EPA 402-R-93-078, activities or is an employee of one who contracts to perform or

April, 1994 performs radon reduction activities, with the expectation that
EPA “National Emission Standard for Asbestos,” 40 CFRpayment will be received for the work performed. A person
61, Subpart M who does radon reduction activities as an employee of a
EPA “Asbestos School Hazard Abatement Reauthorizatiotuilding owner is also a contractor for purposes of this standard
Act” regulation 40 CFR Part 763, Subpart E practice. Persons whose normal activity is not radon reduction,
OSHA “Respiratory Protection Standard,” 29 CFR but who do work related to radon reduction like indoor air
1920.134 (19998) quality consultants, radon consultants, plumbers, building con-
OSHA “Safety and Health Regulations for Construction,tractors, or employees of these persons are all viewed as
lonizing Radiation,” 29 CFR 1926.53 contractors when performing radon reduction activities cov-
OSHA “Hazard Communication Standard for the Construc-ered by this practice.
tion Industry,” 29 CFR 1926.59 3.2.5 crawlspace depressurization (CSD) (active}-a ra-
OSHA *“Asbestos Standard for the Construction Indus-don mitigation technique designed to achieve lower air pres-
try” 29 CFR 1926.1102 sure in the crawlspace than in the rooms bordering and above
OSHA “Occupational Safety and Health Regulations, loniz-the crawlspace. A radon fan, draws air from the crawl space
ing Radiation,” 29 CFR 1910.96 and exhausts that air outside the building. Crawlspace depres-
NIOSH *“Guide to Industrial Respiratory Protection,” surization is intended to mitigate rooms bordering and above
NIOSH Publication No. 87-1f6 the crawlspace but not the crawlspace itself. All CSD systems,
NCRP “Measurement of Radon and Radon Daughters ifior purposes of this practice, are active.
Air,” NCRP Report No. 97, 1988 3.2.6 depressurizationn—a negative pressure induced in
2.3 ANSI/ASHRAE Standards: one area relative to another.
ANSI/ASHRAE Standard 62—1989, Ventillation forAccept- 3.2.7 diagnostic test'sn_procedures used to |dent|fy or
able Indoor Air Quality characterize conditions under, beside and within buildings that

ANSI/ASHRAE Standard 62-1989, Ventillation for Accept- may contribute to radon entry or elevated radon levels or that
able Indoor Air Quality, Appendix B, Positive Combustion may provide information regarding the performance of a
Air Supply? mitigation system.
, 3.2.8 drain tile depressurization (DTD) (activei—a type
3. Terminology of active soil depressurization radon mitigation system where

3.1 Definitions—Definitions of terms used in this practice the suction point piping attaches to a drain tile or is located in
are defined in accordance with Terminology E 631. gas-permeable material near the drain tile. The drain tile or

3.2 Definitions of Terms Specific to This Standard: perimeter drain may be inside or outside the footings of the

3.2.1 active soil depressurization (ASDj—a family of  puilding.
radon mitigation systems involving mechanically-driven soil 3.2.9 hollow wall depressurization (BWD) (activel—a
depressurization, including sub-slab depressurization (SSDjadon mitigation technique that depressurizes the void space
sump pit depressurization (SPD), drain tile depressurizatioithin a foundation wall (usually a block wall). A radon fan
(DTD), hollow block wall depressurization (BWD), and sub- installed in the radon system piping draws air from within the
membrane depressurization (SMD) (see Appendix X2). wall.

3.2.2 backdrafpng n—a condition where the normal move- 3 2 10 manifold piping n—this piping collects the flow of
ment of combustion products up a flue (due to the buoyancy adgjl-gas from two or more suction points and delivers that
the hot flue gases), is reversed, so that the combustion produig|iected soil-gas to the vent stack piping. In the case of a
enter the building (sepressure-induced spillage single suction point system, there is no manifold piping since

3.2.3 communication testn—a diagnostic test to evaluate the syction point piping connects directly to the vent stack
the potential _effectlveness of a sub-slab depressurization SYiping. The manifold piping starts where it connects to the
tem by applying a vacuum beneath the slab and measuringyction point piping and ends where it connects to the vent
either with a micromanometer or with a heatless smoke deviceyack piping.
the extension of the vacuum field. Also callpcessure-field 3.2.11 mechanically-ventilated crawlspace systerr—a

extension test. _ _ radon-control technique designed to increase ventilation within
3.2.4 contractor, n—for the purposes of this practice, a 4 crawlspace by use of a fan.

contractor is one who contracts to performs radon reduction 3.2.12 mitigation systemn—any system or steps designed

to reduce radon concentrations in the indoor air of a building.
_ 3.2.13 natural draft combustion appliancen—any fuel
® Available from the U. S. Department of Labor, Occupational Safety and Healthburning appliance that relies on natural convective flow to

C\g?rl:rl]sgttrg::og CO;ﬁOczelgf Public Affairs, Room N3647, 200 Constitution Avenue, axhayst combustion products through flues to outside air.
s Available from the National Institute for Occupational Safety and Health, 200 3:2.14 OCCUWa.bI? spaces+—for purposes of this practice,
Independence Avenue, SW, Room 715H, Washington, DC 20201. are areas of buildings where human beings spend or could
7 Available from the National Comm!ssion on Radiation Protection and Mea—spend time, on a regular or occasional basis.
surement, 7910 Woodmont Avenue, Suite 800, Bethesda, MD 20814. . . .
8 Available from the American Society of Heating, Refrigerating, and Air 3.2.14.1Dlscussmn—Examples of 0CCUp|ab|e spaces are

Conditioning Engineers, 1791 Tullie Circle, N.E., Atlanta, GA 30329. those that are or could be used for sleeping, a work shop, a
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hobby, reading, student home work, a home office, entertain- 3.2.27 ventilation n—the process of introducing outdoor air

ment (TV, music, computer, etc.), physical work-out, laundry,into a building.

games, or child’'s play. 3.2.28 working level (WL)n—a unit of radon decay product
3.2.15 pressure-field extensipn—the distance that a pres- exposure. Numerically, any combination of short-lived radon

sure change, created by drawing soil-gas through a suctiotlecay products in one litre of air that will result in the ultimate

point extends outward in a sub-slab gas permeable layer, undemission of 130 000 MeV of potential alpha energy. This

a membrane, behind a solid wall, or in a hollow wall (seenumber was chosen because it is approximately the total alpha

communication tekt energy released from the short lived decay products in equi-
3.2.16 pressure-induced spillaga—the unintended flow of librium with 100 pCi of Rn-222.

combustion gases from an appliance/venting system into a 3.2.29 working level month (WLM)n—a unit of exposure

dwelling, primarily as a result of building depressurization (seeused to express the integrated human exposure to radon decay

backdrafting. products. It is calculated by multiplying the average working
3.2.17 radon system pipingn—this active or passive soil level to which a person has been exposed by the number of

depressurization piping is composed of three parts: suctioRours exposed and dividing the product by 170.

point piping, mamfold piping, and.vent stack piping. 4. Summary of Practice
3.2.18 re-entrainmentn—the unintended re-entry of radon . ) ) o

into a building from leaks in the radon system piping, from 4.1 This practice describes methods for mitigating elevated

leaks in the fan housing, or from the discharge of the vent stacleV€!S of radon in existing attached and detached residential
piping. buildings three stories or less in height.

3.2.19 soil-gas n—the gas mixture present in soil, which 4.2 T_he mitiga;iqn Process is de_scribed in t_e_rms of the
may contain radon categories of activity associated with radon mitigation and

3.2.20 soil-gas-retardey n—a continuous membrane or includes: general practices, building investigation, systems

other comparable material used to retard the flow of soil gase%es'gn’ systems installation, materials, monitors and labeling,

into a building. See Specification E 1745 for permeance anffoSt-mitigation testing, and contracts and docqmentatlon. .
durability of water vapor retarders that may be used as 4.3_The systems_lnstallat_mn category contains subsections
soil-gas-retarders describing the specific requirements applicable to each of the

o . components of radon mitigation systems, for example, radon
3.2.21 _sybmembrane _depressu_rlzatlon (SMD.) (actine}a .systgm piping, radon fans?sealing)j electrical, etc. P
radon mitigation technique designed to achieve lower air
pressure under a soil-gas-retarder membrane than above it. F®r Significance and Use
example, a soil-gas-retarder membrane could be used to cover
the soil found on a crawlspace floor. Aradon fan installed in thed

radon system piping draws air from below the soil-gas-retarde{)

membrane. L _ progeny. The goal of mitigation is to maintain reduced radon
3.2.22 sub-slab depressurization (SSD) (active}-aradon  cqncentrations in occupiable areas of buildings at levels as low

mitigation technique designed to achieve lower air pressurgg yeagonably achievable. This practice includes sections on
under a floor slat_) than above. it. A radon fan installed in thereducing radiation exposure caused by radon and its progeny
radon system piping draws soil-gas from below the floor slabtq; \yorkers who install and repair radon mitigation systems.
3.2.23 sub-slab depressurization (passivej-a radon miti-  The goal for workers is to reduce exposures to radon and its
gation technique designed to achieve lower air pressure U”dEFogeny to levels as low as reasonably achievable.
a floor slab than above it. The radon system piping is routed 52 The methods, systems, designs, and materials described
through the conditioned (heated and cooled) space of Rere have been shown to have a high probability of success in
building. o o mitigating radon in attached and detached residential buildings,
3.2.24 suction point piping n—one end of this piping three stories or less in height (see EPA, “Radon Reduction
penetrates the slab, the solid wall, the hollow wall, theTechniques for Existing Detached Houses, Technical Guidance
membrane, the sump cover, or the drain tile. The other engirhird Edition) for Active Soil Depressurization Systems”).
extends outward to the first accessible pipe connection beyowppncaﬂon of these methods does not, however, guarantee
the penetration of the soil-gas barrier. reduction of radon levels below any specific level, since
3.2.25 sump pit depressurization (SPD) (activey—a type  performance will vary with site conditions, construction char-
of active soil depressurization radon mitigation system wherecteristics, weather, and building operation.
the suction point piping enters the sump pit, that has a sealed 5.3 When applying this practice, contractors also shall
gasketed cover, through the side or through the cover. conform to all applicable local, state, and federal regulations,
3.2.26 vent stack pipingn—this piping collects the soil-gas and laws pertaining to residential building construction, re-
from the suction point pipe of single suction point systems ommodeling, and improvement.
from the manifold piping of multi-suction point systems. There
are no branches in vent stack piping; soil-gas is collected at orfe Safety Hazards
end of the vent stack piping and is discharged from the building 6.1 Contractors shall comply with all OSHA, state and local
at the other end. In active soil depressurization systems, th&tandards or regulations relating to worker safety and occupa-
radon fan is installed in the vent stack piping. tional radon exposure. Applicable references in the Code of

5.1 The purpose of the methods, systems, and designs
escribed in this practice is to reduce radiation exposures for
ccupants of residential buildings caused by radon and its
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Federal Regulations include those in 2.2. Contractors also shalked to ventilate work areas during and after the use of such
follow occupational radon guidance in 2.2. materials as recommended by the manufacturer of the material.
6.2 In addition to OSHA standards and NIOSH recommen- 7.1.3 Prior to installing a radon mitigation system, a visual
dations, the following requirements specifically applicable toinspection of the building should be conducted to evaluate
the safety and protection of radon mitigation workers shall becharacteristics of the building which might affect radon miti-

met: gation system performance.

6.2.1 The contractor shall advise workers of the hazards of 7.1.4 If a contractor has concerns about backdrafting poten-
exposure to radon and the importance of protective measurégil at a particular site, the contractor shall recommend that a
when working in areas of elevated radon concentrations. I@ualified person inspect the natural draft combustion appli-
addition, the contractor shall advise employees of other poterances and venting systems for compliance with local codes and
tial hazards according to the hazard communication standaiggulations. The contractor should recommend that the build-
for the construction industry (see OSHA, “Hazard Communi-ing owner bring any combustion appliance or venting system,
cation Standard for the Construction Industry”). found to be noncomplying, into compliance.

6.2.2 The contractor shall ensure that appropriate safety 7.2 Systems Design
equipment, such as ventilators, respirators, hard hats, face7 2 1 All radon mitigation systems shall be designed and
shields, and ear plugs, are available on the job site duringystalled as permanent, integral additions to the building.
mitigation activities. _ 7.2.2 All radon mitigation systems shall be designed and

6.2.3 Work areas shall be ventilated to reduce workefnsigjled to avoid the creation of other health, safety, or
exposure to radon, dust, or other airborne pollutants. environmental hazards to building occupants, such as

6.2.4 Consistent with OSHA permissible exposure limits, 5y drafting/spillage, of natural draft combustion appliances,
contractors shall ensure that employees are exposed to no MQEnstricting or blocking building exits with pipe runs, or

than four working level months (WLM) over a 12-month gegradation of fire rated assemblies with pipe, or cabling
period (or the equivalent 68 000 pCi/L-h, when converted at arbenetrations or both.

equilibrium ratio of 100 %. A WLM is calculated by multiply-
ing the average working level to which a person has beeg

exposed by the number of hours exposed and dividing thBuilding codes and regulations. Radon reduction system design

pr(édzugt gy 1t70 ? hall maintai ds of | also is concerned with installation costs, operating costs,
e ontractors shail maintain recordas or émployee eXpoénergy usage, durability, reliability, maintainability, physical
sure to radon sufficient to verify that field employees are

) . comfort for occupants, quietness for occupants and neighbors,
exposed to less than 4 WLM in any 12-month period. b q b g

o as well as impact on interior and exterior building appearance.
6.2.6 Where ventilation cannot reduce radon levels to less 7.3 System Installatian

than 0.3 WL, contractors shall provide the respiratory protec- 7.3.1 General Requirements

tion that is required to comply with 6.2.4. When unable to 3 I f rad L d
make working level measurements, a radon concentration of 3q /-3-1-1 All components of radon mitigation systems de-

pCi/l (1 100 Bg/r) shall be used in lieu of 0.3 WL. The signed and installed in compliance with provisions of this
contractor should provide respiratory protection that conform@ractice also shall be in compliance with the applicable
with NIOSH “Guide to Industrial Respiratory Protection,” and mechamcal, electrical, building, plumbing, energy and fire
the OSHA “Respiratory Protection Standard,” which covers ﬁtpreventlon codes, standards, and regulations of the local

tests for employees and other items related to respirators. Jurisdiction. _ _
6.2.7 Radon mitigation work shall not be conducted in any 7.3.1.2 When portions of structural framing members must

work area suspected of containing friable ashestos material, ¢ rémoved to accommodate radon system components, the

where work would render non-friable asbestos material friable2mount of the member removed shall be no greater than that

until a determination has been made by a properly trained dpermlt_ted for plumbing installations by applicable building or

certified person that such work will be undertaken in a mannePlumbing codes. o _ _

which complies with applicable asbestos regulations, including 7-3.2 Radon System Piping Installation Requirements

those of EPA and OSHA (see 2.2). 7.3.2.1 Radon System Pipe Sizélso see Appendix X3.
6.2.8 Contractors shall advise employees of the potentighll vent stack piping shall be solid, rigid pipe not less than

hazards, of the materials and supplies used, and provid&in. (75-mm) inside diameter (ID). The vent stack piping’s ID

7.2.3 Radon mitigation system design is not limited to
afety, radon reduction effectiveness, and compliance with

applicable material safety data sheets (MSDS). shall be at least as large as the largest used in the manifold
) o piping. All manifold piping shall be rigid pipe not less than
7. Standard Practices for Radon Mitigation 3-in. (75-mm) inside diameter (ID). The manifold piping’s ID
7.1 General Practices shall be at least as large as that used in any suction point.

7.1.1 Radon mitigation systems shall be designed and inManifold piping to which two or more suction points are
stalled to conform to applicable building codes, and maintairconnected shall be at least 4 in. (100 mm) ID. When installing
the function and operation of all existing equipment andmanifold pipes to which three or more suction points need to be
building features, including doors, windows, access panels, etnstalled, the contractor may benefit from guidance in an

7.1.2 Prior to starting work, the contractor shall inform theindustrial ventilation manual. All suction point piping shall be
client of the nature of work to be done, the anticipated use ofigid pipe not less than 3-in. (75-mm) inside diameter. Not
any potentially hazardous solvents or other materials, and theithstanding the minimum radon system piping diameters
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specified herein, alternate pipe sizes may be used wheWwhenever practicable, they shall be above the highest roof of
sufficiently justified by field diagnostic measurements, includ-the building and above the highest ridge.

ing static pressure, air velocity, and rate of air flow measure-  (2) Ten feet (3 m) or more away from any window, door, or

ments, and documented using the methodologies found igther opening into conditioned or otherwise occupiable spaces
“Industrial Ventilation: A Manual of Standard Practice, 23rd of the structure, if the radon discharge point is not at least 2 ft
Edition,” or its equivalent. When alternate pipe sizes and(0.6 m) above the top of such openings.

shapes are used, a statement of justification, including justifi- (3) Ten feet (3 m) or more away from any opening into the

cation methodology, calculations employed, and all site spesongitioned or other occupiable spaces of an adjacent building.

cific field data collected shall be prepared. A copy of thechimney flues shall be considered openings into conditioned or
justification shall become part of the system documentationyiherwise occupiable space.

and shall be provided to the building owner. : :
T . . e (4) For vent stack pipes that penetrate the roof, the point of
7.3.2.2 All pipe joints and connectians in radon mitigation discharge shall be at least 12 in. (0.3 m) above the surface of

Séisct:nt]iso'nbsoit:clmgg?;;gﬁa(at;gﬁrgr};gglr: ?:nieggg ;;e:;rgeg;e;rt]\gqe roof. For vent stack pipes attached to or penetrating the
P e ides of buildings, the point of discharge shall be vertical and

sump Covers (see 7.3.2.8). a minimum of 6 in. (150 mm) above the edge of the roof and

7'3'2'3. Radon system piping msta_lled in the interior or %Nin such a position that it can neither be covered with snow, or
the exterior of a building, should be insulated where conden-

sation on the pine’s exterior mav drio onto and damage ceilin other materials nor be filled with water from the roof or an
PIp y drip ge ¢ g8verﬂowing gutter. In areas where it snows the point of
and floors, etc., and where water vapor, from the soil, ma

L . . ischarge shall be 12 in. (0.3 m) above the surface of the roof.
condense inside the pipe, and then freeze partially or fully 5 Wh hori | ¢ K oi h
blocking the soil-gas exhaust. (5) When a horizontal run of vent stack pipe penetrates the

7.3.2.4 Radon system piping shall be fastened to the stru(,qable e”‘_’ walls, th_e piping outside the structure §hal| be routed
ture of the building with hangers, strapping, or other support§° a_vertlcal position so that the discharge point meets the
that will secure it adequately. Radon system piping shall not b&eauirements of), (2), (3), and €). o _
attached to or supported by existing pipes, ducts, conduits, or (6) Points of discharge that are not in a direct line of sight
any kind of equipment_ Radon System p|p|ng shall not b|0ckfr0m Openlngs into C.Ond|t|0hed or otherwise OCCUpIab|e_ space
window and doors or access to installed equipment. because of intervening objects, such as dormers, chimneys,

7.3.2.5 Supports for radon system piping should be installed/indows around the corner, etc. shall meet the separation
at least every 6 ft (2 m) on horizontal runs. Vertical runs shalléquirements of1), (2), (3), (4) and ©).
be secured elthe,r, above or below the points of penetration Note 1—Measurements from the point of discharge to openings into
through floors, ceilings, and roofs, or at least every 8 ft (2.5 M}ne conditioned or otherwise occupiable spaces of the structure shall be
on runs that do not penetrate floors, ceilings, or roofs. made from the point of discharge to the closest part of any opening into

7.3.2.6 To prevent blockage of air flow into the bottom of such space. For example, to determine compliance with 7.3.2.9, when the
suction point pipes, they shall be supported and secured in lgcation of a planned vent stack discharge can not be seen from a dormer
permanent manner that prevents their downward movement {ggindow, the contractor would determine whether the required separation
the bottom of suction pits or sump pits, or into the soil beneatt{/Stéd by routing a flexible measuring tape between the planned

i tard b = id b b discharge point location and the part of the dormer window that is the
a soil-gas-retarder membrane. For guidance on submembragy, test distance away. The measuring tape must follow the shortest

piping, see 7-3-8-3- . o possible path, and be allowed to bend where it passes intervening part(s)
7.3.2.7 Horizontal runs in radon system piping shall beof the dormer.

sloped to ensure that water from rain or condensation drains 2 3.3 Radon Fan Installation Requirements

downward into the ground beneath the slab or soil-gas-retarder _"" , q )

membrane. 7.3.3.1 Radon fans shall be sized to provide the pressure
7.3.2.8 If suction point pipes are installed to draw soil gaS‘difference angl air flow charac'_[eristics necessary_t(_) achi_eve_ the

from sump pits, the system shall be designed to facilitatg@don reduction goals established for the specific mitigation

removal of the sump pit cover for sump pump maintenance. Project. Guidelines for sizing radon fans and piping can be
7.3.2.9 To reduce the risk of vent stack blockage due tdound in “Industrial Ventilation: A Manual of Standard Prac-

heavy snow fall, to reduce the potential for re-entrainment ofic& 23rd Edition,” and in Appendix X3.

radon into the living spaces of a building, and to prevent direct 7.3.3.2 Radon fans used in active soil depressurization

exposure of individuals outside of buildings to high levels of (ASD) radon mitigation systems shall be installed either

radon, the discharge from vent stack pipes of active soiputside the building, or inside the building, outside of occupi-

depressurization systems shall meet the following minimuntble space and above the conditioned (heated/cooled) spaces of

requirements. The discharge from vent stack pipes shall be: a building. Radon fan location is chosen to minimize the risk of

(1) Vertical and upward, outside the structure, at least 10 ffadon entry into living spaces which could result from leaks in
(3 m) above the ground level, above the edge of the roof, antRdon fan housings or in the vent stack piping above the radon

shall also meet the separation requirements 2)fand Q). fan. Preferred locations include places on the exterior of the
building, unconditioned house and garage attics not suitable for

occupancy, and other unconditioned house and garage loca-
9 Available from American Conference of Governmental Industrial Hygienists,tmns_r.](Jt suitable for occupancy, which have no occupiable or
Inc., 1330 Kemper Meadow Dr., Suite 600, Cincinnati, OH 45240. conditioned spaces above them.
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7.3.3.3 Radon fans shall be installed in a configuration thadround each suction point pipe. Even when the sub-slab
avoids condensation buildup in the radon fan housing. material is highly permeable, like crushed stone, the end of the
7.3.3.4 Radon fans mounted on the exterior of buildingssuction point pipe should have an excavated hole, at least one
shall be rated for outdoor use or installed in a weather proopipe diameter deep, directly below it.
protective housing. 7.3.6 Sump Pit Requirements
7.3.3.5 Radon fans shall be mounted and secured in a 7.3.6.1 Sump pits or other large openings in slabs or
manner that minimizes transfer of vibration to the structuralbasement walls that allow a significant amount of soil gas
framing of the building. leakage into the basement or air leakage into the sub-floor areas
7.3.3.6 To facilitate maintenance and future replacemenshould be covered and sealed (see 7.4.7 and 7.4.8 for details on
radon fans shall be installed in the vent pipe using removableump covers and sealing materials).
couplings or flexible connections that can be tightly secured to 7.3.6.2 When a radon mitigation system is designed to draw
both the radon fan and the vent pipe. soil-gas from a sump pit, a sump cover shall be installed as
7.3.3.7 Outside air intake vents of fan powered systemslescribed in 7.3.13.4, 7.4.7, and 7.4.8.
shall be screened to prevent the intake of debris. Screens shall7.3.7 Drain Tile Depressurization (DTD) Requirements
be removable to permit cleaning or replacement and building 7.3.7.1 Whenever a DTD radon mitigation system that is
owners shall be informed of the need to periodically replace Ofytended to depressurize a sub-slab area by drawing soil-gas
clean such screens. _ _ from a perimeter drain tile loop (internal or external) is
7.3.4 General Sealing Requirements installed, all drain lines extending from the drain tile loop to
7.3.4.1 Openings around the suction point piping penetragaylight shall have a one-way flow valve, a water trap, or other
tions of the slab, accessible openings around utility penetracontrol device installed to prevent outdoor air from entering the
tions of the foundation walls and slab, and other openings igup-slab area. The control device is intended to prevent air
slabs cast over gas permeable soils or aggregates, that redyggn entering the drain line but not prevent water from flowing
the pressure field extension, and the effectiveness of sodyt of the drain line.
depressurization systems, shall be sealed, using methods and; 3 g Submembrane Depressurization (SMD) Requirements
materials that are permanent and durable. For guidance ony 3 g1 Any seams in soil-gas-retarder membranes (not
sump pits and sump pit covers see 7.3.6.1 and 7.3.6.2. covered by concrete slabs) used for submembrane depressur-
7.3.4.2 Sealing the Floor-Wall Joirt-Sealing openings and jzation systems, passive or active, shall be lapped at least 12 in.
cracks where the slab meets the foundation wall is sometimeggg mm). The membrane’s seams shall be sealed. The
appropriate. When urethane caulk or equivalent material is tthemprane shall be sealed around posts and other penetrations.
be used, and when the joint is greater tharin. (13 mm) in ~ The membrane shall be sealed, at its edges, to the walls to the
width, a foam backer rod or other comparable filler materialgytent practical. When there are indications that water is likely
should be inserted into the joint before the application of thgq ollect on the membrane, it shall be fitted with trapped

?ega'fg% For guidance on channel and French drain sealing, Sggins at the lowest part of the locations that are likely to be
.3.13.3. wet.

Note 2—Field experience has shown that sealing the floor-wall joint 7.3.8.2 Passive submembrane depressurization systems,
and small cracks in the slab of poured concrete foundation systems afhich are installed while anticipating possible activation, shall
sub-slab depressurization (SSD), sump pit depressurization (DPD), angheet all the requirements for an active submembrane depres-
drain tile depressurization (DTD) systems usually is not necessary wheg,,rization (SMD) systems, but without the radon fan and
an active soil depressurization is employed. Sealing is desirable whe,

significant below grade air leakage is occurring, or when the air flow intoﬁwmtor'

the gas permeable layer below the slab is creating objectionable noise. /-3-8-3 ACtive_Smeembr?ne depressurization (SMD> Sys-
Failure to limit air flow into the depressurized soil of an active soil tems may be noisy. The noise can be reduced by sealing the

depressurization system may be a contributing factor to a backdrainembrane (see 7.3.8.1) and the design of the submembrane
condition. Submembrane depressurization (SMD) and block wall depressyction point. Sealing reduces the amount of air leakage and its
surization (BWD) systems, active or passive, and any passive radojsgociated noise, and also improves the pressure field extension
reduction system reqires more thorough sealing. under the membrane. Submembrane suction point designs, that
7.3.4.3 When installing baseboard-type suction systems, allury a special intake end of a suction point pipe in a deep bed
seams and joints in the baseboard material shall be joined ard clean 1-in. (25-mm) aggregate, significantly reduce the noise
sealed using materials recommended by the manufacturer afsociated with air entering the end of the suction point pipe.
the baseboard system. Baseboards shall be sealed to walls aFake special suction point pipe’s intake end has eight or more
floors with adhesives also designed and recommended for sutiorizontal or vertical slots, each bei#gin. (13 mm) wide, and
installations. cut into the lowest foot (0.3 m) of the suction point pipe. If the
7.3.4.4 Utility and other penetrations through a soil-gas-slots are horizontal, they go half way through the pipe.
retarder membrane shall be sealed. 7.3.9 Hollow Block-Wall Depressurization (BWD) Require-
7.3.5 Active Sub-Slab Depressurization (SSD) Requirements
ments 7.3.9.1 When a hollow block wall depressurization (BWD)
7.3.5.1 To enhance pressure field extension, when the subystem is used to mitigate radon, openings in the tops of such
slab material exhibits poor gas-permeability, it is helpful towalls and all accessible openings or cracks in the interior
excavate as much as £ {28 L) of sub-slab material below and surfaces of the walls should be closed and sealed with
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polyurethane or equivalent caulks, expandable foams, or othérrane depressurization are the crawlspace mitigation methods
fillers and sealants. Large, inaccessible openings or crackbat should be used whenever possible.
should be disclosed to the client and included in the documen- 7.3.12 Electrical Requirements

tation. | . | Note 3—For purposes of this section, electrical power is assumed to be
7.3.10 C_raV\_/ sp_ace Depressurlzgtlon ((_SSD):IraW SP?‘CG . provided by 120V, 15, 20, or 30 ampere circuits; however, for all cases

depressurization is usually not the first choice radon mitigationg all situations see 7.3.12.1 for guidance.

method for qrawlspacg:-s because.of its greater pote_ntial for 7.3.12.1 Wiring for all active radon mitigation systems shall

hazardous failure, that is, backdrafting, and the probability of & onform to provisions of the *1999 National Electrical Code

high energy loss associated with its operation during the colder, . e o

and hotter month&? Sub-slab and submembrane depressurizaq:'andboc’k’ Eighth Editiort* and any additional local regula

. e tions.
tion are the crayvlspace mitigation methods that should be use0'07.3.12.2 Wiring shall not be located inside the radon system
whenever possible.

L : iping or within any other heating or cooling ductwork.
7.3.10.1 \{\(her} crawlspace depres;urlza}tlon (CSD) is used 7.3.12.3 Any plugged cord used to supply power to a radon
for radon mitigation, cracks and openings in floors above th?a

. X o ) n shall be no more than 6 feet (2 m) in length.
crawlspace, which would permit conditioned air to pass from 73.12.4 No pludaed cord may benetrate a wall or be
the living spaces to the crawlspace shall be sealed to the exte(%n'céale'd WithirFl) agv?/all y P

practicaple. Openings or C“’%C.ks that are determined to be 7.3.12.5 If the radon fan’s motor, whether used inside or
s e bt ol o o oo he bulain, s rted afgrsie AP, (53 wat)
7.3.10.2 Crawlspace depressurization (CSD) shall not b disconnecting means shall be installed within sight of the

. Ot BFadon fan. Note: Good safety practice is to install a discon-
used_ as a rado_n (_:ontrol system when Com_bL_lstlon appllanC%%cting means within sight of the radon fan. See “1999
are installed within the crawlspace, or W'th'n. an ?bUtt'ngNational Electrical Code Handbook, Eight EditidhArticles
crawlspace or basement, or where adequate isolation (fro%0-109(f) and 430-102(b)

df;éﬁi;fﬁ:ﬁﬁgz gg(tav?/egﬁt ir?tﬂfitorog Caa::nensmcgriaicr:%ategmlen o? 7.3.12.6 Flexible plugged cords, properly rated for electrical
P 7 ; P 9 Capacity and weather, may be used on radon fans inside or
more combustion appliances and the crawlspace.

o outside the building. These flexible plugged cords may also
/.3.10.3 Crawispace depressurization (CSD) shall not bgerve as a disconnecting means inside or outside the building.

?r?aet()jleaZsabéz?c?sn rzzlrt](tarr?zlalsgiitz] ivr\:h;]r; eg/r'gvilnsceas:g%(:s\:\f‘hgﬁédon fans, cords, plugs, receptacles, receptacle enclosures,
pace, Qwitches, switch enclosures, etc. intended for outside use must

work in the crawlspace would render nonfriable asbesto%ave a weatherproof and unattended use rating, and are

material friable. If gsbesto_s is to be removed from the Cfrawl'different than what is generally used inside the building. See
space, to allow the installation of a crawlspace depressurizatia
gr/:\/

(CSD) system, the contractor shall employ trained and certifie 999 National Electrical Code Handbook, Eight Editich."
y '  employ X arning— A hard-wired electrical connection (with a discon-
asbestos removers whose work will be undertaken in a mann

which complies with applicable asbestos regulations, includin ect switch) may be a preferable alternative to a flexible
those of EPA and OSHA (see 2.2). %Iugged cord connection for radon fans installed outdoors.

7 311 Combination Foundations There are safety issues and other disadvantages to flexible
e eplugged cords being installed outdoors. Children may play

mgrlg.tlhlalli fntgl?éz?]?javt\;gz tele;/a;/?i?i ;zatti(?)or]nn:gveblz rrgazirggvmwith the outdoor cord or receptacle. Because the protection of
S type. g Y €d wires in an outdoor plugged flexible cord radon fan installation
parts of the building involving one or more foundation types.

Foundation types include slab-on-grade, basement, and craw].2. not equal that of a hard wired outdoor installation, the
space Isolat?/opn of foundation s acges usin barriers’intended Iring may be subjected to greater risk of accidental damage.
pace. P 9 e outside flexible plugged cord, which may be located where

keep radon from passing, for example, from the crawlspace tgccess to it is not easily controlled, can be unplugged to free

the basgmen.t or vise versa are not recommgnded, beca he receptacle for other purposes, and the radon fan may not be
walls built using available building trade techniques, usually

do not accomplish their isolation objective. In addition, if the plugged in again.)

purpose of the isolation is to seal off the crawlspace to enable 7.3.13 Drain Installation Requirements

crawlspace depressurization. it is not recommended. Crawl- 7.3.13.1 If a drain flows directly into the soil beneath the
P presst T ' Ny slab or through solid watertight pipe to a soakaway or to
space depressurization usually is not the first choice rado

mitigation method for crawlspaces because of its greategayllght through a broken or perforated pipe, the drain pipe

potential for hazardous failure, that is, backdrafting, and th éhon;lti have a trap or a one-way flow valve as described in
probability of a high energy loss associated with its operation " "

. 7.3.13.2 If condensate drains from heating or air condition-
during the colder and hotter months. Sub-slab and Smeen?ﬁg units terminate beneath the floor slab, a trap should be

installed in the drain that provides a minimum 6-in. (150-mm)

1°Henschel, D.B., “Indoor Radon Reduction in Crawl Space Houses: A Review
of Alternative Approaches,” Indoor Air 2 (2), 1994, 272-278, available from ————————
International Society of Indoor Air Quality and Climate; ISIAO Secretariat, Via ~ ** Available from National Fire Protection Association, Inc., One Batterymarch
Magenta 25, 20020 Busto Garolfo (Milan), Italy. Park, Quincy, MA 02269.
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standing water seal depth, or the drain should be rerouted 7.4.1 All mitigation system electrical components shall be
directly into a trapped floor drain, or connected to a condensatisted.
pump. 7.4.2 As a minimum, all plastic radon system piping in
7.3.13.3 Perimeter (channel or French) drains, open to théepressurization systems shall be made of Schedule 20 PVC or
soil, should be sealed in a manner that will retain the channeABS piping material. Schedule 40 piping is recommended for
as a water control system. See EPA “Radon Reduction Techuse in garages and in other internal and external locations
niques for Existing Detached Houses, Technical Guidanceubject to weathering or physical damage. For purposes of this
(Third Edition) for Active Soil Depressurization Systems.”  section the piping, that is used under slabs or membranes to
7.3.13.4 When a sump pit, which is the only system in theenhance pressure field extension in place of or in conjunction
basement for protection or relief from excess surface water, igith an aggregate layer, is not considered to be radon system
covered for radon control purposes, an alternative drainageiping and does not have to be solid or rigid PVC or ABS pipe
system shall be provided. This alternative system may be a ne@nd does not have to conform to any particular wall thickness
trapped floor drain leading to the sump or a trapped drai®r pressure rating requirement. For piping used under slabs,
installed in the sump pit cover. membranes and in aggregate materials, however, crush
7.3.14 HVAC Installation Requirements strength is important because piping with no crush strength
7.3.14.1 Modifications to an existing HVAC system, which would be easily crushed or flattened by traffic or items stored
are proposed to mitigate elevated levels of radon, shall b&Ver It.
reviewed by a certified and licensed mechanical contractor. ~ 7-4.3 Fittings used in radon system piping shall be of the
7.3.14.2 Foundation vents that are installed specifically t$@Me material as the piping itself. This material compatibility
reduce indoor radon levels by increasing the natural ventilatio§nables the required cementing of all piping connections;
of a crawlspace, shall be noncloseable. In crawlspaces areB§Wever, when mounting radon fans and when making remov-
subject to freezing conditions, water supply, and other kinds oftble connections which facilitate sump pit maintenance, rubber

pipes or equipment, which could be damaged by freezing shafiouplings suitable for use in sanitary sewer systems shall be
be insulated or otherwise protected from freezing. used instead of cemented pipe joints. For radon fan installation

7.3.15 Heat Recovery Ventilation (HRV) and removal, see 7.3.3.6. For sump pit cover installation and
removal see 7.3.2.8.

Note 4—HRV as a method for radon control is recommended only 7.4.4 The plastic pipe cleaner and cement shall be compat-
W_hen an active soi_l depressurizatioq sy_stem car_mot be use_(_j, and the initiglle with the kind of plastic in the radon system piping and
air exchange rate is low enough to indicate a high probability of succesghall be used as recommended by its manufacturer.

7.3.15.1 Heat recovery ventilation (HRV) systems shall not 7.4.5 When sealing cracks in slabs and other small openings
be installed in areas of the building that contain friable asbestoaround penetrations of the slab and foundation walls, caulks,
material or where the work would render nonfriable asbestoand sealants designed for such application shall be used.
material friable, until a determination has been made by drethane sealants are recommended because of their suitability
properly trained or certified person that such work will beand durability.
undertaken in a manner which complies with applicable 7.4.6 When sealing holes for plumbing rough-in or other
asbestos regulations, including those of EPA and OSHA. Selarge openings in slabs and foundation walls that are below the
2.2. ground surface, non-shrink mortar, grouts, expanding foam, or

7.3.15.2 In HRV installations, interior supply and exhaustsimilar materials designed for such application should be used.
ports shall be a minimum of 12 ft (3.8 m) apart, horizontally. 7.4.7 Sump pit covers shall be made of durable plastic or
Exterior supply and exhaust ports shall be positioned ather rot proof rigid material and be designed to permit
minimum of 12 in. (30 cm) above the ground or higher if air-tight sealing. To enable easy removal for sump pump
necessary to avoid blockage by snow, leaves, or other thingservicing, the cover shall be sealed using silicone or other
and be a minimum of 10 ft (3 m) apart, horizontally. Exterior nonpermanent type caulking materials or an air-tight gasket
supply and exhaust ports shall be located away from areasnd mechanical fasteners. Sump lids with viewing ports are
where stored material or equipment could block airflow.recommended to permit inspection of the sump without remov-
Exterior supply/intake ports shall be kept away from where caing the lid.
and truck exhaust or other air pollutants may be present. 7.4.8 Penetrations of sump covers to accommodate electri-

7.3.15.3 Contractors installing HRV systems shall verifycal wiring, water ejection pipes, or suction point pipes should
that the incoming and outgoing airflow is balanced to ensurge designed to permit air-tight sealing around penetrations,
that the system does not contribute to the negative pressutging caulk or grommets.
within the building. Contractors shall inform building owners 7,49 Flexible membranes installed in crawlspaces as soil-
that periodic filter replacement and inlet grill cleaning aregas-retarders shall be a minimum of 6 mil (0.15-mm) (or 3-mil
necessary to maintain a balanced airflow. This maintenancg).08-mm) thickness if cross-laminated) polyethylene or
information should be included in the documentation. equivalent flexible material. Heavier gage sheeting or a pro-

7.3.15.4 Both internal and external intake and exhaust ventgctive covering for the sheeting should be used when crawl-
in HRV systems shall be covered with wire mesh or screeningpaces are used for storage, or frequent entry is required for
to prevent entry of animals or debris, or injury to occupants. maintenance of utilities. The durability of flexible membranes

7.4 Materials should be evaluated before the membranes are selected and
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installed. Polyethylene is damaged by the ultraviolet radiatiorif two circuits, “Radon Fan,” and “Radon Monitor.” If other
in sunlight. See Specification E 1745 permeance and durabilityooms and appliances are on the circuit, they should also be
specifications for water vapor retarders, which may be used ahown on the label.
soil-gas-retarders. 7.6 Post-Mitigation Testing
7.4.10 Any wood or other material that contacts masonry or 7.6.1 Upon completion of radon mitigation work, the con-
soil shall be pressure treated, or otherwise protected anactor shall take steps to ensure that the effectiveness of the
resistant to decay and insect attack. Such material would b@don reduction system is demonstrated using one of three
used to attach membranes to crawlspace walls, etc. approaches: 1) the contractor leaves an approved radon test kit
7.5 Monitors and Labeling with the person responsible for the building and instructs that
7.5.1 All active radon mitigation systems shall include aPerson, in writing, thata_radon test should be performed using
the supplied radon test kit or any other approved radon test kit;

mechanism to monitor system performance (air flow or pres: . . " .
sure) and provide a vis}lljal orpaudible indic(ation of sysptemz) the contractor hires a certified and/or licenced independent

degradation and failure. The mechanism shall be simple to rea{f]‘don tester to perform the required radon test, or 3) the

or interpret and be located where it is easily seen or heard. THgPntractor usesr:he ;]est results, \évhfen availab!g, frpm a relloca-
monitoring device shall be capable of having its calibrationto" company that has arranged for post-mitigation testing.

quickly verified on site. The requirement to provide an airflowReg"’“O"eSSI of th_e approach usr?d, the contractor Sh?j” adwse_z the
or pressure operated monitor, does not prohibit additiona'iehs'[elr dotr)re_ qqaﬂog companythat post-naltlga;lznhra odn tesltmg
periodic or continuous use of approved radon test devices t3°uld be initiated no sooner than one day (24 h) and no later

confirm the ongoing effectiveness of the radon mitigationt an 3.0 days following completion and activation of the
system. mitigation system(s). In any case the contractor shall make

759 If a pressure operated radon monitor is powered bdeliberate attempts to obtain a copy of the post-mitigation test
g pre P! . POWEred byeqits and keep the copy as a part of the system documentation
house current, it shall be installed on a nonswitched circuit an

be designed to reset automatically after a power failure. If the ccording to 7.7.1.

monitor is battery powered, it shall be equipped with a 7.7 Documentation
y pow ’ quipp 7.7.1 Contractors shall keep records of all radon mitigation
low-battery power warning feature.

i S ) work performed and maintain those records for three years or
7.5.3 Mechanical radon mitigation system monitors, such ag,, the period of any warranty or guarantee, whichever is
manometer type pressure gauges, shall be clearly marked F(?nger.

indicate the initial pressure readings. 7.7.2 Health and safety records, including worker radon
7.5.4 A system description label shall be placed on thexposure logs, shall be maintained for a minimum of 20 years.

mitigation system, the electric service entrance panel, or other 7.7.3 Upon completion of the mitigation project, contractors

prominent location. This prominently located label shall beshall provide clients with information that includes:

Ieglble from a distance of at least 3 ft (1 m) and dlsplay the 7.7.31 Copies of contracts and warranties.

following information: the words “Radon Reduction System,” 7.7.3.2 A description of the mitigation system installed and
the installer's name and phone number, the date of installationts basic operating principles.
and an advisory that the bUIIdIng should be tested for radon, by 7733 A description of the proper Operating procedures of
a person qualified by training and certification and licensure, oany mechanical or electrical systems installed, including manu-
the occupant at least every two years or as required Ofacturer's operation and maintenance instructions.
recommended by state or local agencies. In addition, all 7.7.3.4 Alist of appropriate actions for clients to take if the
exposed and visible interior radon system piping shall besystem failure warning device indicates system degradation or
identified with at least one label on each floor that identifies thgailure.
pipe as a part of a radon reduction system, such as “Radon7.7.3.5 The name, address, and phone number of the con-
Reduction System,” “Radon System Pipe,” “Component oftractor.
Radon Reduction System,” “Radon Pipe,” etc.

7.5.5 The circuit breaker(s) controlling the circuits on which 8. Keywords
the radon fan and system failure warning devices operate shall 8.1 depressurization; radon; radon entry; radon mitigation;
be labeled using the word “Radon,” for example, “Radon,” orradon reduction



NOTICE: This standard has either been superceded and replaced by a new version or discontinued.
Contact ASTM International (www.astm.org) for the latest information.

Ay E 2121 - 02a
“afl

APPENDIXES
(Nonmandatory Information)

X1. ACTIVE (FAN-POWERED) RADON MITIGATION METHODS

Table X1.1 may be used by readers to find the various

TABLE X1.1 Active (Fan-Powered) Radon Mitigation Methods

Practice  Definition
Section Section

Radon Mitigation Method

Active soil-depressurization (ASD) 321
Sub-slab depressurization (SSD) 7.35 3.2.22
Sump (pit) depressurization (SPD) 7.3.6 3.2.25
Drain tile depressurization (DTD) 7.3.7 3.2.8
Submembrane depressurization (SMD) 7.3.8 3.2.21
Hollow block wall depressurization (BWD) 7.3.9 3.29

Ventilation 3.2.27
Crawlspace depressurization (CSD) 7.3.10 3.25
Heat recovery ventilation (HRV) 7.3.15

mitigation methods covered by the standard.

X2. ACTIVE SOIL DEPRESSURIZATION (ASD) PRINCIPLES OF OPERATION

X2.1 Radon is forced into dwellings through radon entrydepressurizations due to exhausts from combustion appliances,
pathways, which are below ground level. These pathways afgathroom and kitchen fans, clothes driers, etc., and the inter-
openings in foundation walls and floors like cracks, utility mittent pressurization or depressurization associated with wind
penetrations, and floor-wall joints. Other mechanisms for radoeffects usually combine to create negative indoor air pressure,
entry into dwellings include diffusion and emanation. Radoncompared to outside (both above and below grade). In the
entry by diffusion, through apparently solid materials, is rarelysummer, when it is cooler inside than outside, indoor air may
significant in amount, and ignored when designing and installbe forced out of the dwelling through cracks and joints in the
ing ASD radon mitigation systems. Another extremely rarelower parts of the structure. This happens because cooler
source of radon, is emanation from building material whichheavier air sinks (a reverse stack effect) and pressurizes the
contain some form of uranium or its progeny. Rising warm airinside lower levels of the structure. The continuous reverse
inside the dwelling causes the air pressure in the lower levelstack effect pressurization and the intermittent depressuriza-
of the dwelling to be reduced and the air pressure in the higheions due to exhausts from combustion appliances, bathroom
parts of the building to increase. This is called the stack effectand kitchen fans, clothes driers, etc., and the intermittent

) ) ) o . pressurization or depressurization associated with wind effects

X2.2Wind can either pressurize or depressurize interiohet oyt to either create a negative or positive indoor air pressure
parts of a building, as well as change the air pressure on thg;mnared to outside, both above and below grade. When the
exterior (above and below grade) of a building. The wind effectnqoor ower level's pressurizations/depressurizations net out
depends on the building conf!gu,ratmn (shape, window, ang, 5 negative pressure compared to below grade outdoor
door position _etc.) and the wind’'s speed and direction. A'rpressure, soil-gas, that may or may not contain radon, is drawn
flows f'rom a hlghgr pressure place to a lower pressure p!ace ihto the structure. When the indoor below grade
there is an opening between the places. This is true in thgressyrizations/depressurizations net out to be positive, indoor
colder winter months and in the warmer summer months. Inthe; flows out of the cracks and joints in the below grade parts
winter months, fresh air enters the lower levels of dwellingsyf the structure and no soil-gas or radon enters the dwelling.

through above ground (grade) cracks and joints. Soil-gagngoor radon concentrations generally are higher during the
containing radon in various concentrations, enters througRgder winter months.

below grade foundation cracks and joints. This happens be-

cause in the winter, warm air inside the building rises (the stack X2.3 When an active soil depressurization (ASD) radon

effect), depressurizing the interior lower levels of the building.system is installed, one end of the radon system piping is
The continuous stack effect and the intermittent dwellingconnected to a gas-permeable layer of material just below the

10
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slab of the dwelling; and the other end is routed to a locatiorpermeable layer below the dwelling, that is, depressurizes that
outside the building, where the soil-gas containing radon, casoil. When the fan is on, the active soil depressurization (ASD)
be exhausted safely. system is on. By reversing the pre-mitigation air flows through

X2.3.1 Aradon fan (generally rated between 50 and 150 Wjhe radon entry pathways, significant radon reduction is
is installed in the radon system piping as a means of depregchieved. For the sub-slab depressurization (SSD) version of
surizing the gas permeable layer. the ASD method of radon mitigation, indoor radon concentra-

X2.3.2 If the soil between the footings of a dwelling is tions are significantly (80 to 99 %) reduced when air is flowing
covered with a gas permeable layer, like crushed stone, thieom inside the dwelling, through its below grade foundation
performance of an ASD system is enhanced. Ideally, theracks and joints, into the depressurized gas-permeable layer of
footings would rest on undisturbed soil of low permeability. soil underneath the dwelling.

When turned on, the radon fan pulls soil-gas from the gas

X3. RADON SYSTEM PIPE SIZE AND RADON FAN SIZE AND LOCATION FOR SOIL DEPRESSURIZATION RADON
REDUCTION SYSTEMS

X3.1 Radon system pipe and radon fan size considerationsecessary to accommodate the greater friction losses associated
for active soil depressurization systems, influence radon mitiwith longer or more complex piping configurations. Friction
gation system effectiveness, durability, efficiency, noise, vibrafoss is increased, where pipes bend, change size, and merge;
tion, appearance and cost. These considerations also applyftiction also increases as pipe runs lengthen. The friction loss
passive soil depressurization system, because a design critefta one 90° bend is up to 15 times that of a 1-ft (300—mm)
of a passive soil depressurization system is that it can bkength of pipe, depending on the velocity of air moving through
activated. These considerations do not apply to heat recovethe pipe. Long sweep pipe fittings have less friction loss than
ventilator or crawlspace depressurization systems. Certairegular or sharp bends. Long sweep bends are commercially
basic considerations can be stated easily, more completevailable from distributers of Schedule 40 PVC-dwv fittings
discussions are available, see EPA “Radon Reduction Techvhich are used for sanitary sewer plumbing.
niques for Existing Detached Houses, Technical Guidance X3.2.5 Noise—Air flow noises and discharge point noises
(Third Edition) for Active Soil Depressurization Systems,” and become objectionable at velocities of 1000 to 1500 ft/min (5 to
“Industrial Ventilation: A Manual of Standard Practice,” 23rd 8 m/s), which is equivalent to 90 to 13G/fnin (2550 to 3680

Edition,” 1998, L/min) in 4-in. (100-mm) pipe.
_ _ _ _ X3.2.6 Intake Connection to Radon FafPipe without
X3.2 Radon System Pipe Size Considerations bends should be connected straight into radon fan intakes. If

X3.2.1 Nominal Pipe Size-For active soil depressurization Pipe bends are located within a distance of ten pipe diameters
systems the nominal size of radon vent stack piping is 4-infrom the radon fan’s intake, the efficiency of the fan may be
(100-mm) inside diameter; the minimum inside diameter of aeduced. For example, if 3-in. (75-mm) vent stack piping is
radon vent stack is 3-in. (75-mm). connected to the intake of a radon fan, ideally that piping

X3.2.2 Wall Thickness-When Compared to a thinner would be Straight for a distance of 2 ft 6 in. (08 m) from the
walled pipe, a thick walled Schedule 40 pipe is stronger, mordntake. Available space often prevents use of such a long length
durable, more resistant to damage from the ultraviolet radiatio®f straight vent stack pipe immediately below the radon fan,
in sunlight and quieter when air is flowing through it. but as long a run as practicable, approaching ten pipe diameters

X3.2.3 Capacity to Move Ai—The ability of a pipe to in length should be used at this location.
efficiently move air depends on its inside diameter. A 4-in. X3.2.7 Pipe Size and Fan Performanedf a smaller diam-
(100-mm) inside diameter pipe (ID) has approximately twice€ter pipe is chosen for use because of its appearance, because
the area of a 3-in. (75-mm) ID pipe. An equal volume of airit fits better, because of its cost, etc., the performance of the
flows through a large diameter pipe easier and quieter thafdon mitigation system piping may be compromised, because
through a small diameter pipe. When an equal volume of aimore of the fan’s static pressure will be used to move air
flows through a 3-in. (75-mm) ID pipe and a 4-in. (100-mm) ID through the radon system piping rather than to depressurize the
pipe in the same amount of time, the velocity of the air in thesoll.
3-in. (75-mm) pipe is approximately twice the velocity of the X3.2.8 Durable, Long-Lived Desigr-Radon systems de-
air in the 4-in. (100-mm) pipe. The higher air velocity increasessigned with thicker-walled, larger diameter radon system pipes
noise and vibration. The higher air velocity causes greatelikely are to be stronger, and therefore more durable, and more
friction loss, more noise, and lower fan effectiveness. effective at reducing indoor radon concentrations because

X3.2.4 Friction Loss—Friction loss in radon system piping when over time, foundation cracks widen and lengthen, and
is important because it reduces the static pressure supplied Ingw cracks appear, there will be more capacity available to
a radon fan that is available for depressurizing the soil in thenove the additional air through the piping.
active soil depressurization system. Since friction loss is X3.2.9 Pipe Restrictions-The radon system piping should
dependent on pipe inside diameter and the velocity of ainot have built in restrictions, that is, the inside diameter of the
traveling through the pipe, larger diameter pipe may bevent stack pipe should not be smaller than the suction point
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pipe; and, the inside diameter of radon manifold piping shouldperation and improved soil depressurization performance for

not be smaller than the inside diameter of any suction poina given radon fan, because the radon fan does not have to
pipe. The inside diameter of a vent stack pipe that is connectegrovide additional static pressure to make up for friction losses

to a manifold, should not be smaller than the largest insidén the piping system; the larger diameter pipe could also allow

diameter pipe used in the construction of that manifold. the installation of a smaller radon fan.

X3.3 Radon Fan Size Considerations X3.4 Radon Fan Location-Active soil depressurization

X3.3.1 Families of commonly used radon fans draw be-{ASD) systems, of all types, carry high concentrations of radon
tween 50 and 150 W of power. One family of radon fansin the radon system piping. It is vital that radon fans in ASD
manages between 90 and 300 cfm (2550 and 8500 L/min) atsystems be located and configured so as to minimize the
static pressure of 0.75 in. WG (190 Pa); another family handlepotential for leaks, in the radon system piping or the fan itself,
between 15 and 60 cfm (425 and 1700 L/min) at a statiavhich result in radon re-entry or re-entrainment into occupi-
pressure of 3 in. WG (750 Pa). The radon fan is selected table spaces of the building. To address this issue, this standard
maintain the desired depressurization under the slab or menpractice limits the location of radon fans in ASD systems to
brane in the permeable layer. The pressure field extension testeas outside the building or to non-occupiable spaces, which
is useful in determining acceptable radon fan size and charaere above the conditioned space of the building. The result is
teristics. The depressurization goal is to maintain 0.025 tdhat all radon system piping, which passes through occupiable
0.035 in. WG (6 to 9 Pa) everywhere under the slab, when thepace, is maintained under negative pressure relative to the
inside air pressure and the outside air are the same, as would Ambient air. Any leaks, which might develop, in the occupiable
the case when the basement door of a basement foundatispace, would result in moving noncontaminated air into the
were left open. radon system rather than allowing soil gas containing high

X3.3.2 The larger diameter, more efficient radon systenconcentrations of radon to escape. This practice is consistent
piping may cost more to install, but should provide quieterwith the management of other hazardous effluents.
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