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1.0 BACKGROUND

The 1988Indoor RadonAbatementAct (IRAA) requiredthe EnvironmentalProtectionAgency
(EPA) to developavoluntary programto evaluateand provide information on contractorswho
offer radoncontrol servicesto homeowners.The RadonContractorProficiency (RCP) Program
wasestablishedo fulfill this portion of the IRAA. In Decemberl991, EPA published"Interim
RadonMitigation Standards'asinitial guidelinesfor evaluatingthe performanceof radon
mitigation contractorsunderthe RCP Program. Overthe pastsix years,the effectivenesof the
basicradonmitigation techniquessetforth in the "Interim Standards’hasbeenvalidatedin field
applicationsthroughoutthe United States. This experiencenow servesasthe basisfor the more
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detailedandfinal PennsylvanicRadonMitigation Standard§PA RMS) setforth in this
document.

2.0 PURPOSE

The purposeof the PA RMS is to provide radonmitigation contractorswith uniform standards
thatwill ensurequality andeffectivenessn the design,installation, andevaluationof radon
mitigation systemsn detachedandattachedresidentialbuildings threestoriesor lessin height.
The PA RMS is intendedto serveasa modelsetof requirementsvhich havebeenadoptedby
the PennsylvanidDepartmentof EnvironmentalProtection(PA DEP)to fulfill the requirements
of the RadonCertification Act, 25 Pa.Code,Chapter240.

3.0 PARTICIPANTS

The minimum requirementdor individuals or firms who performradonremediationwork within
the Commonwealth,include: completionof RadonCertification Application (RadonMitigation),
attenda Departmentapprovedcourse haveoneyearradonmitigation experienceor threeyears
experiencean architecture engineeringgelectrical, plumbing,carpentrymasonry,or related
trades passthe EPA RadonContractorsProficiency exam,andsubmitthe requiredfee.

4.0 SCOPE

The requirementsaddressedn the PA RMS include the following categoriesof contractor
activity: generalpractices,building investigation, worker healthandsafety,systemsdesign,
systemdnstallation, materials,monitorsandlabeling, postmitigation testing,andcontactsand
documentation.

5.0 ASSUMPTION

Before applyingthe provisionsof the PA RMS, it is assumedhat appropriateradon/radordecay
productmeasurementbiavebeenperformedwithin the structure,andthatthe ownerhasdecided
thatradonremediationis necessary.

6.0 IMPLEMENTATION

6.1 ThePARMS includesrequirementdor installation of radonremediationsystemsand
providesa basisfor evaluatingthe quality of thoseinstallations. All PA DEP certified
contractorsarerequiredto follow all requirementssetforth in the PA RMS.

6.2 Contractorsshall personallyconductfollow -up inspectionof any radonmitigation system
installedby their firm thatwaschangedrom the original certified contractorsdesign.
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Additionally, contractorsshallinspect20 percentof all otherinstallations,within 30 daysof
systemcompletionto insurecontinuedconformanceto PA RMS.

6.3 PADEPwiIll inspectradonmitigation systemsnstalled by DEP- certified contractorsfor
compliancewith this standardandthe PA DEP RadonCertification Regulations(25 Pa.Code
Ch. 240). Violations of thesestandardsandregulationsmay resultin decertification,suspension
of certification, or civil penalties. Additionally, stateradonprogrampersonnelreconsidered
agentsof the US EPA, andassuchanyinspectionfinding may be forwardedto the US EPA for
evaluationof noncompliancewith thesestandardsBasedon its evaluation,the US EPA may
initiate establishedRadonContractorProficiency programdelisting proceduresagainstthose
contractorsfoundto bein violation of thesestandards.

6.4 Thoseprovisionsof the PA RMS that are consideredo be mandatoryare prefacedby the
term"shall." Provisionsthat are consideredyoodpracticebut which arenot mandatoryare
prefacedby the terms"should" or "recommended.”

6.5 ThePARMSwill beupdatedasnecessaryandin responseo technologicaladvancesand
field experience. The scopeof the PA RMS will alsobe expandedvhennew revisedmitigation
technologieshavebeendemonstratedn othertypesof residentialandnonresidentiabuildings.

6.6 Forareasof radonmitigation not coveredby this standardthe contractorshall follow the
guidanceoutlinedin the referencedocumentg SeeparagrapiB.0) and his/hertraining obtained
in PA DEP approvedradonmitigation courses.

7.0 LIMITATIONS

7.1 Although the provisionsof the PA RMS havebeencarefully reviewedfor potential
conflicts with otherregulatoryrequirementsadherenceao the PA RMS doesnot guarantee
compliancewith the applicablecodesor regulationsof any other Federal stateor local agency
havingjurisdiction.

7.2 Wherediscrepanciegxist betweenprovisionsof the PA RMS andlocal codesor
regulations local codesshall take precedence However,wherecompliancewith local codes
necessitatea deviationfrom the PA RMS, or a deviationis requiredfor researchor other
purposesthe PA DEP requirescontractorsto give written notification of thesedeviationsprior
to initiation of work.

7.3 ThePARMS s notintendedto be usedasa designmanual,andcompliancewith its
provisionswill not guarantegeductionof indoor radonconcentrationdo any specificlevel.
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7.4 ThePA RMS shall not apply to radonmitigation systemsanstalled prior to its effective
date. However,if aradonmitigation systemis found that doesnot comply with current
standardsthe contractorshall recommendn writing to the client that the systembe upgradedor
alteredto meetcurrentstandardsThe contractorshall obtain prior approvalfrom the client
beforeimplementingany of the contractorswritten recommendations.

7.5 Becauseof thewide variationin building design,size,operationanduse,the PA RMS
doesnot include detailedguidanceon how to selectthe mostappropriatemitigation strategyfor
agivenbuilding. That guidanceis providedin the documentsreferencedn paragraphs.2,8.3,
8.4,and8.5.

7.6 Theprovisionsof the PA RMS arelimited to proventechnologiesandmethods.
Publicationof this standards not intended,however,to inhibit researchandevaluationof other
innovative radonmitigation techniques.Whensuchresearchis conducteda performance
standardshall be applied,i.e., postmitigationradonlevels shall be lessthan4 pCi/l, andthe
systemdesigncriteria in paragraphl3.0shallbe applied. A contractorwho expectto deviate
from provenradonmitigation technologiesandmethods(asdefinedin the PA RMS andother
EPA referencesn Section8.0) for purposesof researchon innovative mitigation techniquesor
for otherreasonsshall, prior to initiation of work, obtainapprovalfrom PA DER, documentthe
nonstandardechniquesandinform the client of the deviationfrom standardprocedures.

7.7 At thistime, the PA RMS doesnot include standarddor installing systemgo mitigate
radonin water. However,EPA is currently developinga standardhatwill regulateradonlevels
in domesticwater supplies. Following publication of that standardthe PA RMS may berevised,
asappropriate to include standarddor installation of systemghat are effective in reducing
radonlevelsin water.

8.0 REFERENCE DOCUMENTS

Thefollowing documentsare sourcesof additionalradonmitigation information andare
recommendedeadingfor contractorsparticipatingin the RCP program.

8.1 EPA RadonMitigation StandardsApril 1994 RevisedEdition. EPA 402-R- 93-078.
8.2 EPA Training Manual"ReducingRadonin Structures,"(Third Edition), January1993.

8.3 "RadonReductionTechniquedor DetachedHouses,TechnicalGuidance(Second
Edition)" EPA/625/587/019,January1988.

8.4 "RadonReductionTechniquedor Existing DetachedHouses,TechnicalGuidance(Third
Edition) for Active Soil DepressurizatiorSystems"EPA/625/R 93/011,0ctober1993.
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8.5 "Application of RadonReductionMethods,"EPA/625/588/024,August1988.

8.6 "Indoor RadonandRadonDecayProductMeasuremenDevice Protocols,"EPA
402-R-92-004, July, 1992.

8.7 "Protocolsfor Radonand RadonDecayProductMeasurementsn Homes,"EPA
402-R-92-003, June,1993

8.8 "A Citizen'sGuideto Radon(SecondEdition)" EPA 402-K92-001, May 1992.

8.9 "Pennsylvania'sConsumer'sGuideto RadonReduction,"EPA, 402-K92-003, August,
1992.

8.10 "Pennsylvania'sHome Buyer'sandSeller'sGuideto Radon,"EPA 402-R-93-003, March,
1993.

8.11 "ASHRAE Standard62-1989," Appendix B, Positive CombustionAir Supply.

8.12 "National GasCode,"Appendix H (p.2223.1-98), 1988, RecommendedProcedurefor
Safetylnspectionof an Existing Appliance Installation.

8.13 "Chimney SafetyTestsUser'sManual,” SecondEdition, Januaryl2, 1988, Scanada
ShelterConsortiuminc., for CanadaviortgageandHousingCorp.

8.14 “The SpillageTest” Methodto Determinethe Potentialfor PressurdnducedSpillage
from Vented,FuelFired, SpaceHeating Appliances, Water Heatersand Fireplaces. Canadian
GeneralStandard88oard. CAN/CGSB-51.71-95, April 1995.

8.15 OSHA "SafetyandHealth Regulationsfor Construction,lonizing Radiation,"29 CFR
1926.53.

8.16 OSHA "OccupationalSafetyandHealth RegulationsJonizing Radiation,"29 CFR
1910.96.

8.17 NIOSH "Guide to Industrial RespiratoryProtection,"DHHS (NIOSH) PublicationNO.
87-116, September1 987.

8.18 NCRP"Measuremenbf Radonand RadonDecayDaughtersn Air,” NCRP ReportNo.
97,Nov 1988.
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8.19 EPA"Handbook,Sub SlabDepressurizatiorfor Low-PermeabilityFill Material,"
EPA/625/691/029,July 1991.

9.0 DESCRIPTION OF TERMS

For this document certaintermsare definedin this section. Termsnot definedhereinshould
havetheir ordinary meaningwithin the contextof their use. Ordinary meaningis asdefinedin
"Webster'sNinth New CollegiateDictionary."

9.1 Backdrafting: A conditionwherethe normal movementof combustionproductsup aflue,
resultingfrom the buoyantforceson the hot gasesijs reversedsothatthe combustionproducts
canenterthe structure.Backdraftingof combustionapplianceqsuchasfireplacesandfurnaces)
canoccurwhendepressurizatiomn the structureoverwhelmsthe buoyantforce on the hot gases.
Backdraftingcanalsobe causeddy chimneyblockage.

9.2 Backer Rod: A semirigid closedcell foam materialresemblinga rope of various
diameters. Usedto fill aroundpipes,large cracksetc.to assistin making a sealedpenetration.
For example,wherea pipe is insertedthrougha concreteslab,a length of backerrod is
compressednto the openingaroundthe pipe. Caulkingis thenappliedto the spaceabovethe
backerrod andbetweenthe outsideof the pipe andthe slabopening.The purposeof the backer
rod is to hold the semifluid caulk in placeuntil it setsor hardensandactasabondbreaker.

9.3 Block Wall Depressurization: A radonmitigation techniquethat depressurizethe void
network within a block wall foundationby drawing air from inside the wall andventingit to the
outside.

9.4 CCA treated for ground contact: ChromatedCopperArsenate(CCA) appliedat a rate of
0.4 1b\Cu Ft allows wood to bein groundcontact. Lumbertreatedat arateof 0.251b\Cu Ftis
notintendedfor groundcontact.

9.5 Certified: A ratingappliedby the PA DEP to individuals or firms that areauthorizedto
provideradonrelatedserviceswithin the Commonwealth.

9.6 Client: The personpersonspr companythatcontractswith aradonmitigation contractor
to install aradonreductionsystemin a building.

9.7 Combustion Appliance: Any devicewhich utilizes the ignition of afuel to performwork
for a specific purposeincluding but not limited to heating,drying, cooling, andrefrigeration.

9.8 Combination Foundation: Buildings constructedwith morethanonefoundationtype,
e.g.,basement/crawlspacer basement/slalon-grade.
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9.9 Communication Test: A diagnostictestdesignedo qualitatively measurehe ability of a
sudion field andair flow to extendthroughthe materialbeneatha concreteslabfloor andthus
evaluatethe potential effectivenesof a subslabdepressurizatiorsystem. This testis commonly
conductedby applying suctionto a hole drilled throughthe slabwherea future suctionhole
might be locatedand simultaneouslymeasuringhe pressurdifferential or observingthe
movementof smokedownwardinto small holesdrilled in the slabat locationsawayfrom the
suctionhole. (Seealsoparagraptf.19, Pressue Field Extension).

9.10 Contractor: An individual or firm listed with the PA DEP asbeingcertified to perform
radonmitigation activities.

9.11 Crawlspace Depressurization: A radoncontrol techniquedesignedo achievelower air
pressuran the crawlspacerelative to indoor air pressureby useof afan-poweredventdrawing
air from within the crawlspace.(Seealsoparagrapt®.15Mechanically Ventilated Crawlspace
System.)

9.12 Diagnostic Tests: Proceduresisedto identify or characterizeconditionswithin buildings
thatmay contributeto radonentry or elevatedradonlevelsor may provide information regarding
the performanceof a mitigation system.

9.13 Drain Tile Loop: A continuouslengthof draintile or perforatedpipe extendingaround
all or partof theinternal or externalperimeterof a basemenbr crawlspaceooting.

9.14 Mitigation System: Any systemor stepsdesignedo reduceradonconcentrationsn the
indoor air of a building.

9.15 Mechanically Ventilated Crawlspace System: A radoncontrol techniquedesignedo
increaseventilation within a crawlspaceachievehigherair pressurdan the crawlspacerelative to
air pressurdn the soil beneaththe crawlspacepr achievelower air pressuran the crawlspace
relative to air pressurdn theliving spacesby useof afan. (Seealsoparagraptf.11, Crawlspace
Depressurization.)

9.16 Natural Draft Appliance: Any combustionappliancethatdoesnot havefan forced
combustionventingandthereforeis morelikely to be susceptibleto backdrafting.

9.17 pCi/l: Theabbreviationfor picocuriesperliter which is a unit of measurefor the amount

of radioactivity in aliter of air. Thereare2.2  disintegrationgper minute of radioactive
materialin 1 picocurie.
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9.18 Perimeter Channel Drain: A meansfor collecting waterin abasemenby meansof a
large gapor channelbetweenthe concretefloor andthewall. Collectedwater may flow to
aggregatéeneaththe channel("FrenchDrain") or to a sumpwhereit canbe drainedor pumped
away.

9.19 PressureField Extension: The distancethata pressurechangeis inducedin the subslab
area,measuredrom a single or multiple suctionpoints. (Seealsoparagrapi®.9,
CommunicationTest.)

9.20 Radon: A naturally occurringradioactiveelement(Rn-222) which existsasa gasandis
measuredn picocuriesper liter (pCi/L).

9.21 Radon ResistantDrain: A floor drainthathasa checkvalve that minimizesair flow if
thedrain trap driesup or the trappeddrain hasan automaticsupply of priming water.

9.22 Radon DecayProducts: The four shortlived radioactiveelements(Po-218,Pb-214,
Bi-214,Po-214)which existassolidsandimmediatelyfollow Rn-222in the decaychain. They
aremeasuredn units of working levels (WL).

9.23 Reentrainment: The unintendedre-entryinto a building of radonthatis beingexhausted
from aradonmitigation system.

9.24 Soil Gas: Thegasmixture presentin soil which may containradon.

9.25 Soil GasRetarder: A continuousmembraneor othercomparablematerialusedto retard
theflow of soil gasesnto a building.

9.26 Stack Effect: The overall upwardmovementof air inside a building that resultsfrom
heatedair rising andescapinghroughopeningsin the building envelope thuscausingindoor air
pressuran the lower portionsof a building to be lower thanthe pressurean the soil beneathor
surroundingthe building foundation.

9.27 Submembrane Depressurization: A radoncontrol techniquedesignedo achievelower
air pressurdn the spaceundera soil gasretardermembrandaid on the crawlspacefloor, relative
to air pressuran the crawlspacepy useof afan poweredventdrawing air from beneaththe
membrane Completesealingof thesemembraness recommended.

9.28 SubslabDepressurization (Active): A radoncontrol techniquedesignedo achieve

lower subslabair pressureelative to indoor air pressurddy useof a fan poweredventdrawing
air from beneaththe concreteslab.
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9.29 SubslabDepressurization (Passive):A radoncontrol techniquedesignedo achieve
lower subslabair pressureelative to indoor air pressuredy useof avent pipe (without a fan)
routedthroughthe conditionedspaceof a building and connectingthe subslabareato the
outdoorair. This systemreliessolely onwind inducedvent pipe draft andthe convectiveflow of
warmedair upwardin the ventto draw air from beneaththe concreteslab.

9.30 Working Level (WL): A unit of radondecayproductconcentration Numerically, any
combinationof shortlived radondecayproductsin oneliter of air thatwill resultin the ultimate
emissionof 130,000MeV of potentialalphaenergy.This numberwaschosenbecauset is
approximatelythe total alphaenergyreleasedrom the shortlived decayproductsin equilibrium
with 100 pCi of Rn-222 per liter of air. (Seealsothe referenceddocumentin paragrap8.16).

9.31 Working Level Month (WLM): A unit of exposureusedto expresshe accumulated
humanexposureto radondecayproducts. It is calculatedby multiplying the averageworking
level to which a personhasbeenexposedby the numberof hoursexposedanddividing the
productby 170.

10.0 GENERAL PRACTICES

The following general practices are required for all contacts between radon mitigation
contractorsandclients.

10.1 Intheinitial contactwith aclient, the contractorshall review any availableresultsfrom
previousradonteststo assistin developinganappropriatemitigation strategy. The contractor
shallinform the client whenit is determinedthat previousradonmeasurementsvere not
performedaccordingto EPA protocolsandrecommenda retestbe done.

10.2 Basedon guidancecontainedin "A Citizen'sGuideto Radon(Second
Edition),"(paragraph8.8) andthe "PA Home Buyersand Seller'sGuide" or subsequentevisions
of thesedocumentsthe contractorshall refer the client to the discussionf interpretingindoor
radontestresultsandthe healthrisk associatedvith the radonlevel foundin the building. The
"PennsylvaniaConsumer'sGuide To RadonReduction,"(paragrapi.9) is anappropriate
referencefor providing adviceon actionsto taketo reduceindoor radonlevels.

10.3 Whendelaysin the installation of a permanentadoncontrol systemare unavoidabledue
to building conditionsor constructionactivities, anda temporarysystemis installed; the
contractorshallinform the client aboutthe temporarynatureof the system. A labelthatis
readablefrom at leastthreefeet shall be placedon the system. The label shallinclude a
statementhatthe systemis temporaryandthatit will bereplacedwith a permanensystem
within 30 days. The label shall alsoinclude the dateof installation, andthe contractor'sname,
phonenumber,and PA DEP certification Identification Number. (EXCEPTION: The 30 day
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limit on useof atemporarymitigation systemmay be extendedn casesvherea major
renovationor changein building usenecessitates delayin installation of a permanent
mitigation systemthatis optimizedto the new building configurationor use. DEP’s Bureauof
RadiationProtectionshouldbe notified in writing whenthis exceptionis beingapplied.)

10.4 Whenthe selectedmitigation techniquerequiresuseof sealantr caulkscontaining
volatile solvents,prior to startingwork, the contractorshallinform the client in writing (this
couldinclude an MSDS sheet)of the needto ventilate work areasduring andafter the useof
suchsealantsVentilation shall be providedasrecommendedy the manufadurer of the
material.

11.0 BUILDING INVESTIGATION

11.1 The contractorshall conducta thoroughvisualinspectionof the building prior to
initiating anyradonmitigation work. This inspectionshouldbe performedprior to submissionof
the bid proposalto the client. The inspectionis intendedto identify any specific building
characteristicor configurations(e.g.,large cracksin slabs,exposedearthin crawlspacesppen
sumppits, wet basementr foundationwalls) that may affect the design,installation, and
effectivenessf radonmitigation systemsAs a part of this inspection,clients shouldbe askedto
provide any availableinformation aboutthe building (e.g.,constructionspecifications pictures,
drawings,etc.) that might be of valuein determiningthe radonmitigation strategy.

11.2 To facilitate selectionof the mosteffective radoncontrol systemandavoid the costof
installing systemghat subsequentlyroveto beineffective, it is recommendedhatthe
contractorconductdiagnosic teststo assistin identifying andverifying suspectedadonsources,
entry points,and subslabcommunication. Radongrabsampling,communicationtests,anduse
of chemicalsmokesticks areexamplesof the type of diagnostictestingcommonlyused.(See
paragraphll.4).

11.3 It isrecommendedhat during the building investigation,the contractorroutinely perform
diagnosticteststo evaluatethe existenceof, or the potentialfor, backdraftingof naturaldraft
combustionappliances. Publishedproceduresfor conductingbackdraftingtestsare coveredin
the ReferenceDocumentdisted in paragraph$.11,8.12,8.13and8.14. Thefollowing checklist
hasbeenextractedfrom materialin thesereferencesandmay be usedto testfor existingor
potential backdraftingconditions:

(1) Closeall externalwindows anddoorsandthe door betweenthe basementandthefirst floor.
(2) Turn off all naturaldraft appliances.

(3) Closefireplace andwood stovedampers.
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(4) Turn onall exhaustfansandanyforcedair distribution fans.
(5) Wait atleast5 minutesafter naturaldraft applianceshavebeenturnedoff.
(6) To beginatestfor actualspillageof flue gasesturn on the appliancebeingtested.

(7) Usingeitherachemicalsmokeor a carbondioxide gasanalyzer,checkfor flue gasspillage
nearthe venthoodafter appliancehasbeenrunningfor five minutes.

(8) Repeatsteps(5) through(7) for eachnaturaldraft combustionappliancebeingtestedfor
backdrafting. Be sureto turn off any combuston applianceshatfeedinto the samechimneyas
the naturaldraft appliancebeingtested. Seasonaandextremeweatherconditionsshouldbe
consideredvhenevaluatingpressurealifferentials andthe potentialfor backdrafting.

If spillageis confirmedfrom any naturaldraft combustionappliance clients shall be advisedof
the backdraftingcondition andthat active (fan powered)radonmitigation systemscannotbe
installed until the condition hasbeencorrected.The contractorshouldadvisethe client to contact
anHVAC contractorif correctingan existing or potential backdraftingconditionis necessary.
(Seeparagraphl7.3for post mitigation backdraftingtest).

11.4 If installation of a subslabdepressurizatiorsystemis contemplatedand characteristicof
the subslabmaterialareunknown,a communicationtest,asdefinedin paragrapt.9is
recommended.

11.5 As partof the building investigation,afloor plan sketchshall be developed(if not already
in existenceandreadily available)thatincludesillustrations of the building foundation
(slab-on-grade,basemenbr crawlspacearea). The sketchshouldinclude the location of load
bearingwalls, drains,sumppits, HVAC systemsandnaturaldraft appliances.lIt shallbe
annotatedo include the anticipatedlayout of any radonmitigation systempiping, andthe
anticipatedlocationsof anyventfan andsystemwarning devicesfor the envisionedmitigation
systems. The sketchshall befinalized during installation andshall be includedin the
homeownerinformation package (paragraphl8.5).

12.0 WORKER HEALTH AND SAFETY

12.1 The contractorshall comply with all OSHA, stateandlocal standardsr regulations
relating to worker safetyandoccupationalradonexposure. Applicable referencesn the Codeof
FederalRegulationsandNIOSH publications(or subsequentipdates)relisted in paragraphs
8.15,8.16,and8.17.
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12.2 In additionto the OSHA andNIOSH standardsthe following requirementghatare
specifically or uniquely applicablefor the safetyand protectionof radonmitigation workersshall
bemet:

12.2.1 The contractorshall adviseworkersof the hazardsof exposureto radonandthe need
to apply protectivemeasuresvhenworking in areasof elevatedradonconcentrations.

12.2.2 The contractorshall havea worker protectionplanonfile thatis availableto all
employeesandis approvedby the PA DEP.

12.2.3 The contractorshall ensurethat appropriatesafetyequipmentsuchashardhats,face
shields,earplugsandprotectiveglovesareavailableon the job site during cutting, drilling,
grinding, polishing, demolishingor other hazardousactivity associatedvith radonmitigation
projects.The contractorshall ensurethat all new employeeshavebeeninformed aboutall
relevantportionsof the companyworker protectionplan. All relevantportionsof the worker
protectionplan shall be reviewedwith eachemployeeat leastoncea year.Confirmation of
employeesknowledgeof relevantportionsof the worker protection plan shouldberecorded
with the employeessignatureanddate.

12.2.4 All electricalequipmentusedduring radonmitigation projectsshall be properly
grounded. Circuits usedasa power sourceshouldbe protectedby Groundfault Circuit
Interrupters(GFCI).

12.2.5 Whenwork is requiredat elevationsabovethe groundor floor, the contractorshall
ensurethat laddersor scaffoldingare safelyinstalledand operated.

12.2.6 Work areasshall be ventilatedto reduceworker exposureto radondecayproducts,
dust,or otherairbornepollutants.In work areaswherepremitigationlevels havebeengreater
than0.33WL (66 pCi/l) andwhereventilation is impractical or whereventilation cannotreduce
decayproductlevelsto lessthan0.33WL (66 pCi/l) (basedon a shorttermtest),the contractor
shouldensurethat respiratoryprotectionconformingwith the requirementsn the NIOSH Guide
to Industrial RespiratoryProtectionis availableon the job site. (SeeparagraptB.17.).

12.2.7 Where combustiblematerialsexistin the specific areaof the building whereradon
mitigation work is to be conductedandthe contractoris creatingany temperatureigh enough
to inducea flame, the contractorshall ensurethat a fire extinguishersuitablefor type A, B, and
C firesis availablein theimmediatework area.

12.2.8 Pendingdevelopmenbf anapprovedpersonaladonexposuredeviceanda protocol for
its use,the contractorshall recordemployeeexposureto radonat eachwork site, basedon: (1)
the highestpre-mitigation indoor radonor working level measuremenévailable,and(2) thetime
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employee'sare exposedwithout respiratorprotection)at thatlevel (Seeparagraphl2.2.6).
(Note: This approachis notintendedto precludethe alternativeuseof on-site radonor radon
decayproductmeasurementto help determineactualexposure.)Consistentwith OSHA
PermissibleExposureLimits, the contractorshall ensurethatemployee'sare exposedo no more
than4 working level months(WLM) overa 12 monthperiod. (An equilibrium ratio of 50
percentshall be usedto convertradonexposureto WLM.) If a contractoris a sole proprietor of
aradonmitigation firm theyarestill responsiblefor recordingand maintainingtheir own
occupationalradon/radorprogenyexposure.

12.2.9 In anyareawherebuilding materialscontainingfriable asbestohavebeenidentified,
or it is suspectedhat friable asbestosnay exist, radonmitigation work shall not be conducted
without the approvalof aninspectoror mitigator certified underprovisionsof the Asbestos
HazardsEmergencyResponséict (AHERA) andthe PennsylvanieDepartmentof Laborand
Industry Act 194.

12.2.10 Whenmitigation work requiresthe useof sealantsadhesivespaints,or other
substanceshat may be hazardougo health,the contractorshall provide employee'swith the
applicableMaterial SafetyData SheetdMSDS) andexplain the requiredsafetyprocedures.

13.0 SYSTEMS DESIGN

13.1 All radonmitigation systemsshall be designedandinstalled aspermanentjntegral
additionsto the building, exceptwherea temporarysystemhasbeeninstalledin accordancevith
paragraphl0.3. The radonmitigation systemshall exist asa standalonesystemandnot
incorporateotherhousesystemsor featuresin its design.

13.2 All radonmitigation systemsshall be designedo avoid the creationof otherhealth,
safety,or environmentalhazardgo building occupantssuchasbackdraftingof naturaldraft
combustionappliances.

13.3 All radonmitigation systemsshall be designedo maximize radonreduction,while
minimizing excessenergyusage avoiding compromiseof moistureandtemperaturecontrolsand
othercomfort featuresandminimizing noise.

13.4 All radonmitigation systemsandtheir componentsshall be designedo comply with the

laws, ordinancescodes,andregulationsof relevantjurisdictional authorities,including
applicablemechanical electrical, building, plumbing, energy,andfire preventioncodes.
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14.0 SYSTEMS INSTALLATION

14.1 General Reguirements

14.1.1 All componentsof radonmitigation systemsanstalledin compliancewith provisions
of the PA RMS shallalsobein compliancewith the applicablemechanicalelectrical, building,
plumbing, energyandfire preventioncodes,standardsandregulationsof the local jurisdiction.

14.1.2 The contractorshall obtainall requiredlicensesand permits,anddisplaythemin the
work areasasrequiredby local ordinances.

14.1.3 Whereportionsof structural framing materialmustbe removedto accommodate
radonvent pipes,materialremovedshall be no greaterthanthat permittedfor plumbing
installationsby applicablebuilding or plumbing codes.

14.1.4 Whereinstallation of aradonmitigation systemrequirespipe or ductsto penetratea
firewall or otherfire resistancaatedwall or floor, penetrationsshall be protectedin accordance
with applicablebuilding, mechanicalfire, andelectrical codes.

14.1.5 Wheninstalling radonmitigation systemshat usesumppits asthe suctionpoint for
active soil depressurizationif sumppumpsareneededjt is recommendedhat submersible
sumppumpsbe used.(Seeparagraphd4.5.1,14.7.4,15.7,and 15.8.)

14.2 Radon Vent Pipe Installation Requirements

14.2.1 All joints andconnectionan radonmitigation systemvent pipesshall be permanently
sealedasspecifiedby the manufacturerwith the exceptionthat flexible rubbercouplingsarean
allowable alternativemethod.

14.2.2 Radonvent pipe runssubjectedo cold environmentsshouldbe insulatedto prevent
ventpipe freezeup. Radonventpipesin attics wherewarm, moist environmentsexist should
alsobeinsulatedto reducecondensatioron exterior pipe surfaces.

14.2.3 Radonvent pipesshall be fastenedo the structureof the building with hangers,
strapping,or othersupportsthatwill adequatelysecurethe vent material. Existing plumbing
pipes,ducts,or mechanicalequipmentshall not be usedto supportor securea radonvent pipe.

14.2.4 Supportsfor radonvent pipesshall be installed at leastevery6 feeton horizontalruns
to eliminate vertical or horizontal movement. Vertical runsshall be securedeitheraboveor
below the points of penetrationthroughfloors, ceilings,androofs, or atleastevery8 feeton runs
thatdo not penetratefloors, ceilings, or roofs.
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14.2.5 To preventblockageof air flow into the bottom of radonvent pipes,thesepipesshall
be supportedor securedn a permanenimannerthat preventstheir downwardmovementto the
bottom of suctionpits or sumppits, or into the soil beneathan aggregatdayer undera slab.

14.2.6 Radonventpipesshall beinstalledin a configurationthat ensureghatanyrain water
or condensatiorwithin the pipesdrainsdownwardinto the groundbeneaththe slabor soil-gas
retardermembrane.

14.2.7 Radonventpipesshall not block accesgo anyareasrequiring maintenanceor
inspection,unlessthe vent pipeis designedor easyremovalard air tight replacement.Radon
vent pipesshall not beinstalledin front of or interferewith anylight, opening,door, window or
equipmentaccessarearequiredby code. If radonventpipesareinstalledin sumppits (with
sumppumps),the systemshall be designedwith removable air tight, couplingsto facilitate
removalandreinstallationof the vent pipesand sumppit coverfor sumppumpmaintenance.

14.2.8 To preventreentrainmenbf radon,the point of dischargefrom ventsof fan powered
soil depressurizatiorandblock wall depressurizatiorsystemsshall meetall of the following
requirementsy1) be abovethe eaveof the roof, (2) betenfeetor moreabovegroundlevel, (3)
betenfeetor morefrom anywindow, door, or otheropeninginto conditionedspacef the
structurethatis lessthantwo feet below the exhaustpoint, and(4) betenfeet or more from any
openinginto anadjacentbuilding. Thetotal requireddistance(ten feet) from the point of
dischargeto openingsin the structuremay be measureceither directly betweenthe two pointsor
be the sumof measurementasadearoundinterveningsolid obstacles.

14.2.9 Whenaradonmitigation systemis designedo draw soil gasfrom a perimeterdrain
tile loop (internal or external)that dischargesvaterthroughadrain line to daylight or a soak
away,a oneway valve, watertrap, or othercontrol deviceshouldbeinstalledin or onthe
dischargdine to preventoutsideair from enteringthe systemwhile allowing waterto flow out of
the system.

14.3 Radon Vent Fan Installation Regquirements

14.3.1 Ventfansshall be designedspecifically for radonremovalapplicationsandbe
designedor otherwisesealedto reducethe potentialfor leakageof soil gasfrom the fan housing.

14.3.2 Radonventfansshouldbe sizedto providethe pressuralifferenceandair flow
characteristicsecessaryo achievethe radonreductiongoalsestablishedor the specific
mitigation project. Guidelinesfor sizing ventfansandpiping canbe foundin thereferences
citedin paragraplB.2,8.4,and8.19.
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14.3.3 Radonventfansusedin active soil depressurizatioror block wall depressurization
systemsshall not be installedbelow gradenor in the conditioned(heated/cooledypaceof a
building, nor in anybasementcrawlspace or otherinterior location directly beneaththe
conditionedspacef abuilding. Acceptablelocationsfor radonventfansinclude attics not
suitablefor occupancy(including atticsover living spacesandgarages)garageshatarenot
beneathconditionedspacespr on the exterior of the building.

14.3.4 Radonventfansshallbeinstalledin a configurationthatavoidscondensatiorbuildup
in thefan housing.Active soil depressurizatiofiansshall beinstalledin vertical runsof the vent

pipe.

14.3.5 Radonventfansmountedon the exterior of buildings shall be ratedfor outdooruseor
installedin awatertight protectivehousing.

14.3.6 Radonventfansshall be mountedandsecuredn a mannerthat minimizestransferof
vibration to the structuralframing of the building.

14.3.7 To facilitate maintenanceandfuture replacementradonventfansshall be installedin
the vent pipe usingremovable air tight couplingsor flexible connectionghat canbetightly
securedo both the fan andthe vent pipe.

14.3.8 Theintakesof fansusedin crawlspacepressurizationpr in pressurizingthe building
itself, shall be screenedr filtered to preventingestionof debrisor personalinjury. Screensor
filters shall be removableto permit cleaningor replacementandbuilding ownersshall be
informed of the needto periodically replaceor cleansuchscreensandfilters. This information
shall alsobeincludedin the documentation(Seeparagraphl8.5).

14.4 Suction Pit Requirement for Subslab Depressurization (SSD) Systems

14.4.1 To provide optimum pressurdield extensionof the subslabcommunicationzone,a
minimum of 1/2 cubic foot (i.e. approx.half of a5 gallon bucket) of material shall be excavated
(unlessbedrockprohibits this) from the areaimmediately below the slab penetrationpoint of
SSDsystemvent pipes.

14.5 Sealing Requirements

14.5.1 Sumppits that permit entry of soil-gasor thatwould allow conditionedair to be drawn
into a subslabdepressurizatiorsystemshall be coveredandsealed. The sumpcovershall havea
radonresistantdrain (Seeparagrapl9.21)if thereis no otheravailablefloor drain. (Homeowner
information shouldindicate periodicfill ing, if applicable.)Seeparagraphl5.7for detailson
sumpcoverandsealingmaterials.
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14.5.2 Openingsaroundradonvent pipe penetrationof the slab,the foundationwalls, and
the crawlspacesoil-gasretardermembraneshall be cleaned preparedandsealedin a
permanentairtight mannerusing compatiblecaulksor othersealantmaterials. (Seeparagraph
15.5) Openingsaroundother utility penetrationof the slab,walls, or soil-gasretardershall also
besealed.

14.5.3 WhereaBlock Wall DepressurizatiofBWD) systemis usedto mitigate radon,
openingsin the topsof suchwalls andall accessibleopeningsor cracksin theinterior surfacesof
thewalls shall be closedandsealedwith urethaneor equivalentcaulks,expandabl€oams,rigid
boardstock caulkedin place,nonshrinkgrout or othercomparablematerials.(Seeparagraphs
15.5and15.6.) Openingsor cracksthat are determinedto be inaccessibleor beyondthe ability
of the contractorto sealshall be disclosedto the client andincludedin the documentation.

14.5.4 Openings perimeterchanneldrains,or cracksthat exist wherethe slabmeetsthe
foundationwall (floor-wall joint), shall be sealedwith urethanecaulk or equivalentmaterial.
Whenthe openingor channelis greaterthan1/2 inch in width, afoam backerrod or other
equivalentfiller materialshall beinsertedin the channelbeforeapplicationof the sealant.
Materialsinsertedinto the channelshall leaveadequatespacebelow the filler materialto allow
subsufacedrainagefrom the channelinto the sub-slabmaterial. Otheropeningsor cracksin
slabsor at expansionor control joints shouldalsobe sealed Openingsor cracksthatare
determinedto be inaccessibleor beyondthe ability of the contractorto sealshall be disclosedto
the client andincludedin the documentation.

If it is determinedbetweencontractorandhomeownetrthat the perimeterchanneldrain
cannot be sealedfor water control reasonsthe contractormay leavethis perimeterchanneldrain
unsealedHowever,the contractorshall providein writing to the homeownertthe following;
(1)this techniquemay contributeto anincreasecheatingandcooling penality, (2)the efficiency
of theradonmitigation systemmay be decreased(3)theremay be aincreasein the potentialfor
backdraftingnaturaldraft combustionappliancesand (4)radonlevels shouldstill be reducedto
lessthan4.0 pCill.

14.5.5 Wheninstalling baseboardype suctionsystemsall seamsandjoints in the baseboard
material shall be joined and sealedusing materialsrecommendedy the manufacturerof the
baseboardystem.Baseboardshall be securedo walls andfloors with adhesiveslesignedand
recommendedor suchinstallations. If abaseboaragystemis installedon a block walll
foundation,the topsof the blockwall shall be closedandsealedasprescribedn paragraph
14.5.3.

14.5.6 Any seamsdn soil-gasretardermembranesisedin crawlspacedor submembrane
depressurizatiorsystemsshall be overlappedat least12 inchesandshouldbe sealed. To
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enhancehe effectivenesof submembranelepressurizatiorsystemsthe membraneshouldalso
be sealedaroundinterior piersandto all crawlspacewall surfaces.All sealantshallbe
long-lived. Duct tapeis not along-lived sealant.

14.5.7 In combinationbasement/crawlspad®undations wherethe crawlspacehasbeen
confirmedasa sourceof radonentry, andmembranedepressurizatioris not a viable mitigation
option; accessloorsandotheropenngsbetweenthe basemenaindthe adjacentcrawlspaceshall
be closedandsealed. Accessdoorsrequiredby codeshall be fitted with air tight gasketsanda
meansof positive closure,but shall not be permanentlysealed. In casesvhereboththe
basementndthe adjacentcrawlspaceareasare being mitigated with active SSDand SMD
systemssealingof the openingsbetweenthoseareass not required.

14.5.8 Whencrawlspacedepressurizatiors usedfor radonmitigation, openingsandcracks
in floors above the crawl-spacewhich would permit conditionedair to passout of the living
spacesf the building, shouldbeidentified,andsealedin a permanenmanner. Sealingof
openingsaroundhydronic heator steampipe penetrationsshouldbe doneusingnoncombustible
materials. Openingsandcracksthat are determinedto be inaccessibleor beyondthe ability of
the contractorto sealshouldbe disclosedto the client andincludedin the documentation.

14.6 Electrical Requirements

14.6.1 Wiring for all activeradonmitigation systemsshall conformto provisionsof the
National Electric Codeandany additionallocal regulations.

14.6.2 Wiring shall not be locatedin or chasedhroughthe mitigation installation ducting or
any otherheatingor cooling ductwork.

14.6.3 Any pluggedcord usedto supply powerto aradonventfan shallbe no morethan6
feetin length.

14.6.4 No pluggedcord shall penetrateawall or be concealedwithin awall.

14.6.5 Radonmitigation fansinstalled on the exterior of buildings shall be hard-wired into an
electrical circuit unlessa UL approvedcontinuousduty exterior plug methodis used.

14.6.6 If theratedelectrical requirementsof aradonmitigation systemfan exceed<s0
percentof the circuit capacityinto which it will be connectedor if thetotal connectedoad on
the circuit (including the radonventfan) exceeds80 percentof the circuit's ratedcapacity,a
separatededicatedcircuit shall be installedto powerthe fan.
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14.6.7 An electricaldisconnectswitch or circuit breakershall beinstalledin radonmitigation
systemfan circuits to permit deactivationof the fan for maintenanceor repair by the building
owneror servicingcontractor. (Disconnectswitchesarenot requiredwith pluggedfans).

14.7 Drain Installation Requirements

14.7.1 If drainsdischargedirectly into the soil beneaththe slabor throughsolid pipeto a
soakaway,the contractorshall install a radonresistantdrain asdefinedin paragrapif.21.

14.7.2 If condensatarainsfrom air conditioning units terminatebeneaththe floor slab,the
contractorshallinstall atrap in the drain that providesa 3 to 6 inch trap of standingwater, or
reroutethe drain directly into atrappedfloor drain or condensatiorpump.

14.7.3 Whenasumppit is the only systemin abasementor protectionor relief from excess
surfacewateranda coveris installed on the sumpfor radoncontrol, the covershall be recessed
andfitted with atrappeddrain meetingthe requirementsof paragrapd.21.

14.8 HVAC Installation Requirements

14.8.1 Modifications to anexistingHVAC systemwhich are proposedo mitigate elevated
levelsof radon,shouldbe reviewedandapprovedby the original designerof the system(when
possible)or by alicensedmechanicalcontractor.

14.8.2 Foundationvents,installedspecifically to reduceindoor radonlevels by increasingthe
naturalventilation of a crawlspace shall be noncloseable.In areassubjectto freezing
conditions,insulation,wherenecessaryshall be providedfor to protectagainstfreezingand
unnecessargnergyloss.

14.8.3 HeatRecoveryVentilation (HRV) systemsshall not beinstalledin roomsthat contain
friable asbestos.

14.8.4 In HRV installations,supplyandreturnventsin the interior shall be locateda
minimum of 12 feetapart. The exterior intake andexhaustventsshall be positionedto avoid
blockageby snowor leavesandbe a minimum of 10 feetapart.

14.8.5 Contractorsinstalling HRV systemsshall verify that the incoming andoutgoing
airflow is balancedo ensurethat the systemdoesnot createa negativepressurewithin the
building. Contractorsshallinform building ownersthat periodicfilter replacementndinlet grill
cleaningarenecessaryo maintainabalancedairflow. This information shall alsobeincludedin
the documentation.An inclined manometershouldbe installed acrossthe intakefilter to
indicatethe needfor filter cleaningor replacement
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14.8.6 Both internalandexternalintake andexhaustventsin HRV systemsshall be covered
with wire meshor screeningtypically 1/4 by 1/4", to prevententry of animalsor debrisor injury
to occupants.

15.0 MATERIALS

15.1 All mitigation systemelectrical componentsshallbe U.L. listed or of equivalent
specifications.

15.2 As aminimum, all plastic vent pipesin mitigation systemsshall be madeof Schedule20
PVC, ABS or equivalentpiping material. Schedule40 piping or its equivalent shouldbe usedin
garagesandin otherinternal andexternallocationssubjectto physicaldamage PVC pipe
exposedo sunlight shouldbe formulatedfor outdooruseandpaintedto provide protection
againstUV radiation.

15.3 Vent pipefittings in a mitigation systemshall be of the samematerialasthe vent pipes
unlessflexible, airtight rubbercouplingsareused. (Seeparagraphl4.3.7for exceptionwhen
installing ventfans,andparagraphl4.2.7for exceptionwheninstalling radonventpipesin sump
pit covers).

15.4 Cleaningsolventsandadhesivesisedto join pipesandfittings shall be asrecommended
by manufacturerdor usewith the type of piping materialusedin the mitigation system.

15.5 Whensealingcracksin slabsandothersmall openingsaroundpenetrationf the slaband
foundationwalls, caulks,andsealantdesignedor suchapplicationshall be used. Urethane
sealantarerecommendedecausef their durability.

15.6 Whensealingholesfor plumbing roughtin or otherlarge openingsin slabsandfoundation
walls thatare below the groundsurface ,nonshrinkmortar, grouts,expandingfoam or other
comparablematerialsfor suchapplicationshall be used.

15.7 Sumppit coversshall be madeof durableplastic, galvanizedsheetmetal, aluminum, or
southernpine treated(CCA, see9.4) for groundcontact,anddesignedo permit airtight sealing
to the slabsurfacesurroundingthe sumppit. To permit easyremovalfor sumppumpservicing,
the covershall be sealedto the slabsuifaceusingsilicone or other nonpermanentype caulking
materialsor anairtight gasket. Sumpcoversshouldhavea window to observeconditionsin the
sumppit.
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