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ABSTRACT 

A double-barrier design with the space between the barriers having 
little resistance to gas flow is described for those parts of ·homes and 
buildings that interface with the soil or surficial rock to reduce soil-gas 
(radon) entry into structures. The outside or soil-side barrier interfaces 
with the soil. A barrie~ placed on the soil under the subslab aggregate is 
an important element in this design. This forms the outer barrier for the 
floor. The subslab aggregate forms a permeable layer, while a plastic 
membrane above the aggregate, the slab, and caulking form the inner barrier. 
If hollow block are used, barrier coatings can be placed on both the soil 
side and interior wall of the blocks, while the hollow space in the blocks 
forms the permeable space. The hollow-block walls are connected to the 
subslab aggregate to form a small interconnected permeable volume that can be 
managed in ehe following ways to reduce soil-gas entry into the structure. 

1. Sealed. 
2. Passively vented to outdoor air. 
3. Passively depressurized using an internal stack. 
4. Actively depressurized. 
5. Actively pressurized. 

In addition to basements with hollow-block walls, the double-barrier 
technique can be adapted to solid wall, crawl space and slab-on-grade 
construction including various combinations. 
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INTRODUCTION . . .. 
. ~ . ' . 

- "h' ~ • t' • _ ... ~ • • • • 

. In the long - t~rt§- , ~\J..bs_tant:i:al reduct~o_n_ .in radon exposure· can·-~esul t 
from improved new honi~ .... and p uilding· consttuctlon techniques· that r~duce radon 
entry. · In.·&ddressin,& this . approach to -reduc:;Pg radon : exposure ·,· the EPA has 
published a -tiep~:ir't" J"Radpn-Res ;i.stant Residential New Construction" · ( 1) in 
which construction·: ~ echril.ques to minimize radon entry in ·new 'structures and 
to facilitate its r~oval a~ter constructio'rl are desc:-ibed.~ This report is 
the first edition of technical guidance for constructing radon-resistant 
structures to be issued by the EPA, and they anticipate future editions as 
additional experience and ~pproaches :. become available. The EPA report 
includes a section on barriers to reduce radon entry including wall coatings, 
sub-slab membranes, ca~~~ing, sealing -and prevention qf slab cracking. 
Another .-section discus~e·s. designs for- post-construction· active or pas-~ive 
sub-slab ventilation. ?,Cprima.ry element: in these designs is a minimum of 4 

!'' ' · in. of .. aggregate under· ~he slab. The . preferred material is crushed aggregate 
' vith a minimum of 80% of the aggregate : at least- 3/4 in. in diameter. This 
highly permeable bed under the slab is :necessary for good communication in 
the event that sub-siao ventilation is needed. The aggregate is placed 
directly on the soil and represents a large permeable. volume into which radon 
can diffuse or flow from ,~he soil and rock ung~r- and around the foundation. 
The radon that aCC'UJ'IJ!ll~tes· in the permeable aggiegate . can then flov ~th 

··;- little resistance to any. penetrations in the - b~t;"riers . above the aggr:e'z'a~e. 
The.s e bar+iers · include : ~·lla · membl!ane placed ·over " the +.aggreg-.ate, ~tbe' sl'~."Q and 
any ·caulking and sealing 0~ the wall floor joint, cra~s and penetrat~9~s. 
Having. a permeable· ~olume petveen the soil and the. barriers . reduces the ~ 
effect.ivenes:s of the ba:rri~'r's~ Barriers· are most effective when interf~c:ing 

.. vith the soil • . A' simiiar· situation occurs' when hollow blocks .are used~ tp 
· · ~ donstruct the !oundation ·.~alls. Radon that infiltrates through the out.e~ 

v~ll :and into the hollov ~cavity of the block walls can then flow~ with little 
resi'.stance to any penetrations of ·the inside vall barriers. "' Again·, barriers 
to }rado~~n~ry .are most. effective on the out~ide or soil - ide of the wall • . "e ~ ,. ..... .! :.~ . - . I 

An:.-indication tha·t .. aggregate unde~ the slab in6tease~ rad~n entry 'int.o 
structures was obtained in a · survey of over 6,000 homes in New Jersey (2). 
The data collected in this study show a definite relationship. ~atween age _,and 
radon concentration. On ~~er.age, Jl;,uses built sine~. World· War U • tend· to ·, 
have high~r indoor 'radon !b9n.~entration's than hous.~~-- b'uilt \;letween·-1900 =and 

. ab'f?ut-:-·1945 .• ,_ .Initially, i~ y~s : suspected that newer houses had higher i_ndoor 
~J:' ;:adon . concentrations bec~tl:s~ - ~ew~r . houses:.' tend to ~ be . tight~~ nd ~ha\fe ' l~w~;-

_: 4u·· eXchange · r .ates -.· --=-However: .. closer :-.examination of. the . .d&-tla :indilcat>ecf- ·that: 
the .differet}CeS in : fadon ~ c'6ncentr.ations :associai·ed .wfth :ti;-ghtness:: <:iicf·hot-.·: 
fti1 

'lr, acc~Wl,t :for die decliri_e . .iri ' ra!ion conc:entratipn :liitb· :increasing : a~e -=- £h 
f.Ot~-~.en~m house:i: ··nre ;~uthors .sp.ec.u•la·te'& tltat ~the: us~ ~f sub-slab · ~ =·; : 

:::: l"iir~g~l:~~~--_wh±ch: i!ricreig~l{f }.dt. :th·e~ post~Wor"lCf Wl?,lr _'~·r--a ., ·; gQuld also "':-· . . ~ ~ ~ 
1~ ~oRF,~~~~~!!f,.uo~ t:b-e--: ?~~~fi · ~n~~~~~~~9.on - ~bser~e~-~ }n; n~w~~ .~~a!Jles. . . -~ ~-~-:~ ~ - ~ . ! ~ 
•· : . ., . \": : : -:, :,: :._ .. :.·--- · _.._ .. ~ ,: · -- G.,-~.:,·.:.: :- .... !. 'Y' .... r~- : . I .._, ·• ::._•:, - ~ -

• •"''".It ;s :-.diffit::ult t.o ··a~.Eei-mine tfhe · eftect~ve.n~~s . of ;th~ barrier·s- =to: ·i)do~ 
entey ~ug_ge~ted : by - tbe : ;~~,_.·when ·used ·in .:th'e · pa~s.iv.e mode .• : ·sincti-· it is ·not:" 
po,s.sip}.e_ t;q,,:know wha-t \ the: ·. indo~r:.rad.on concentr:4~l.pns ,woul.d be~ fo·r a house ' if 
tt:\f, .ra._d_o~3t:"8S±"starft t~~hnJqu~s ~ent not employe'd'.' : l'?.e ini-tial· resultS ; · ·~ 
how~ve?=' · · . ha-ve 'i~d~ the_ EPK '.to . . c._onclude "that in. tJ1e-_ Pte~~-pce of·,a moder~t~::t_6-
hi'&K rad~n: St)Urce .• ~ ·r a;i?!:h P-ieven~~O;l .. techniqu~ ~: tha \ a~a _p~s.s i ve only_~~ !".?!.. 
produce J.ndoor !f·aeon ·iev~h CRns~stently - belt?w~ ~ pC1ll. ~ . {n a study of ·lS 
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full-basement homes in 'New York State which wete built employing radon
re~ista.nt techniques _in ~ area -with :aoov~~~r.:.ue levels of indoor radon, 
.tco,st .. of- ~the . . homes· 'requj.J:'ed. -act.~ve;:sub-s'l'ab \i"eritJ1ation syst.ems (3). The 

• i!o .. .. . ... .,. • ... ... .. . • •"" 
· -· . · .. r!sul t~ : f1"onr.-.the New ·J~;-se_y .survey: and the· ini ciaL r.esu-). ts ·of the~ -homes built 

' -~ -: ·. ~ · -~: -~ith radon:-resi.Sta.nt eon·s~'ruct.ion · indicat.e that. sub~slab aggregate 
"" ~ I "' • !} . • • • • - - t,.. - ,. -.. • • ""'-

.: :. .. .... int.er~a~:i.ng directly with tpe soil or rock · under~ a home can i .ncrease radon 
· · entri-intq :the home and 4.~creas.e the effectiver}es~ of barriers placed above 

- ~-z < .. ~he· 'agg_regate. .. - · .)' . · .:~·: · . .' . . 

e::- : .:- .· .: 
: :::-- .· DOUBLE-BARRIER COWSTRUctlON-

. .. 
.. ..... . .... 

4 ~ .. .c. .. # 

• • • • l,. ;, .. - • • • L • .. ... 

It is the :purp~~~ . of thi~ 1 paper to sugg(.~~-a . design : for ~new home 
construction tnat. _ is·_~Jil:ore ef!ectiye in reduc!ng ' radon entry in the passive 
mode but one tha~t!- can· be readi:lY"':adapted to ac:3:ive. mitigation systems if 
needed. The design p1oppses .t.o ·. reduce soil-gas entry by using double-barrier 
construction for the ·-$u9:.grade structure of homes and buildings. · ·A primary 

_; element in this apprqach is to -p4ve a radon bar~ier under the subslab 
··aggregate at thS:. ~sofl . interface. · .: =- ' · : .. : j 

: .. ... :. . y; • . .. '! . " " ';'1 ••• .. ~ ·- ~ . ~~ .. -·' . 
__ . _. · The double~~~·rrier'.' -~-pproach is illu~trat~f~~~~-Figure l .:for a ~asement 
·· -- · ... ~lth blot:k walls -and a . ~~- The hollow spac~ ~l) ~ the b:loc:k walls lS 

·:c.o~ected to the · subsl~ ,48&r.~ga~e :via ;weep~ng ))ole~ ~or : some :ot~er ,.. fc;~w 
·.r·e~,is~ance pa th\iay ' for . &~r !.low c ~to fonzi: '·ari · itl_t·~rcoiU}ec~ed pel?rileable ~pace 

,__ ~~'t~f"t~ suri:'oun~ 'the ~e~tir.e subgrade s.t.ructur.~,.: ~ .. B~~!ier:.s to radon tra~sport 
... . ~1;?.c;h as membranes,-· coatings, caulking·, sealing.:_~~t.c., .:fir_e. p;J.:aced on·' both the 

· ~-s·on sige and .. insiae C?f. the p~rmeable space. ~ ~ S~n1ce rfldon barriers ar~ _!post 
e!fective ~ at the · soil "interface, most ·of the barrier effort should ·be " 

::: ..:~~0'~~-entrated onl.' the .::su.~-:-aggregat~ and outside · ·~all barriers . . · The b_~r.r:_i;_er 
p~elow t~ aggregate may -b~. , a: composite o t m.a ~e~ial~ such as . cement_; 't;'ar, 

· .. plastic.,.. film, fine =-sand,. SP.P- clay. Ba."tri:ers -a·t the soi.l : -interface should be 
=- · resistant· to both diffusiVe. and-convective flov. ·A special effort should be 
- mad~ to seal the ' outsi.de ~all b~rrier at the ~all-footing joint ' ind the _ 

carrier below the aggregate -&ts tbe:footing-aggregate and· aggregate-sump ~-
joints - -~... z ~,.,. .~ ... :: • · ~ ~ . • "' .. : ... _ .,. 

-~ ~ ' -:: ~. ~-~!·, . ·.. :> ' :' ~ : . _-· :· ~ •• ~ : f; . . .. r :.· ' - ~· . . ~. -.::: .s - . :;.: .-~ =:J~ ~ 
;. _. · ,'. ~ ~ . :rbe. doub1e-:barr±ei ·subgi-:~cia · constructi'OA'.,ct.j!at~~: -a ·.reasona~_l'y~ ~~t't.-~ 
-. volume . .,~etveen- the· ins'i:de' .and .outside·:. bi.rrlar-t"t'tlat can· ~e manageli' in' sev~ral 

"f.~X,S · -~Q :raduce:- tad~~:,e!.l'¥rr. :; ~i~h.out: ~~barr.~e~ .-P~~P.~~ t~e~1.aggregate •. · t~e:_!4il 
,. -~. r_q~J; ~der a~~~-aro~d, ~h~:J~ou~e :~nll ~~~~al.t,ef5i~~-.. col)l;lected: to :~Y ~. ·~ _: 

· ~.1tt-ia.~.¥Jn :.sy,stem··used · ~q re~uce :·.radon "entry. :, :Tile ··~?~~le7.barrJ.ei' · appr~.ac;n 
!f!.¥"s..,&~d:~e~ci~p ~.i:_n.&,. • ~~~~ ~d~r.e.c.t . conri~~i~ipn_~: ~-:~qr ~P..~ doub l e-.-o~_r;;ii_~ ~ ; ~ 
sy_~~~ .... ~)Jo~<ill''•~J:,~~~ 1-:.:)~a.~s~_v~el:y. ~ent:i·X:~:-tp~~Jio_'-;fow-Q..lct~k ~tll~s:_ ;~: ~~.}-~cor 
~~r !:lr;Pir:§.ilo...r.·~t!~~ _ra:1r:; ~- ~-.19.WJ. li.l..th'" i.J.-t;~e:·;-e5J-P:;;a!l.X~~ J.ntef'':he·_ ~~~~~~;e 
space. c;.,~s -gas ft"o~1:hi{' l>I!IJP~I-b~~~~ ~pacecl.s~ ' ara~- ~hr.9~~;: anY: p1!netratl6ns 1n 
the intel(.~Qr or~ :QjJpeFoatr;e'rs ... -i~~o ~ the :baseinent"by· inO.oor-outdoor pr~ssure 
differen~ials, ~q,{door •a:ir"C:an · flow into the petTQ~~ble !P.~ee::wi:th '-litq! --~ ~ 
resistan~e. . The o~~si~~ o:.a~~:Jlo"! ·;re~u~es tfi~ ;:tl:i'a·{~9n~ ~oil-gas :!a-t ~&ny_ . :. _ 
pen~r.a-tl.~ ;J;n .the OUter 5r De low barrl.et'·!!- ancf '"ther~by .reduces .ttfe fltlW ·of 

.... ~r .. · · ~ . - ~ ""' ... ; ;. :!. · .. ~ · ;:, . . ,., ... .. , .... : sr 
so1l:-gas ~~dorr:.l:"nt<r ·the ·p_e.~eable space .• :::~ '- Af-terna~l v . .UY, ;-the p~nf~ab-l·e- sp_ace 

. c;o\?.~d ~e : t-rf!"-te-d 'by ' rd-epr!!ss~rizat:ion :~ p.as.siVe 'or_ ~-c,.tf¥e.)_.· :or:. !Pressu·rizat'l!l~ . . 
- ~active) . .. ,_For :.. thes·e.: approa'c'hes . it: 1 ~ould be·· bl!-s~~ 'to ' .no.t • .vent- thei: b.lock'· w~lls 

1;.0 _outsi.d; air ·~ c Radon· en~ty: . r~i:iu'ct.ion tan .:. tneh· b~ ~.'C.CG>mP!~.shed.j by creating 
~e~th~~ reduced < pressure: 9r ~ ip~reased press~re~ irl t~e pe~eable space. 
HaY~ng~r~at.ed a ~Peasonably small interconnected permeable space with sealing 
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on b~th the soil side and inside, it is expected that, if passive venting 
(using a stack through the house interior), active suction, or positive 
pressure flow is necessary to reduce indoor radon to acceptable 
concentrations, then relatively low flow rates would be successful. 

An example for an active pressurization system would be to draw air from 
ceiling vents in the fl:ighest level of the house and blow this air into the 
permeable space between the double barriers (Fi.gure' ·2). The fan could be 
located in the basement and relatively low floW.rates c·2o cfm) should 
suffice. In this manner, heated air from the highest interior level of the 
house would be used to pressurize the double-barrier system heating the floor 
and walls of the basement while reducing heat loss via exfiltration from the 
higher levels of the house. 

It is of primary' impop:ance to ensure - t·hat water effectively drains' from 
the permeable substructure space between the double barriers. This can be 
accomplished with a sump as shown iri· Figure 1. It may be necessary to grade 
the soil forming the base of the subslab aggre'g'a'te . toward the drain tiles and 
the SWI!p · to aid in preventing the accumula~ion of water in the subslab . 
aggregate. If it is possible to- drain~the subslab aggregate to grade or to a 
sewer, then this drainage ·option coufci""be used instead of or with a sump. 
Solid piEe should be used and it should be-·seaied"'a't;,. the outside or soil-side 
~arrier. · - · 

Exterior footing drainage~ of gravel and/or perforated piping is used by 
many builders and presents a problem to the double-barrier design approach. 
The gravel and/or perforated ~iping of the exterior drainage system runs 
around the outside perimeter of the wall-footing joint. It represents a 
permeable volume in which radon can accumulate and flow to any penetrations 

' in the wall and 'wall-footing joint. To minimize radon entry, the exterior 
drainage system should be .drained to -daylight or to a sewer and not connected 
to the subslab aggregate, and sump via weeping holes or other methods . 

..... -C.9nnecti~g "the exterior drainage·system. to the subslab aggregate would 
provide a pathway for soil-gas radon to enter the permeable zone of the 

!double-barrier'system. Exterior perimeter drainage systems increase the need 
t;~ for~c~reful Lseali~g at the . exterior y~~_l.-footing joint., . 
~~~~· :•,, .• ._!~ 0 
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::=2. ~·;:-:;:::.)~e !double-barri~r approac~ is illustrated for slab-on-grade and crawl 
k1.~:5pa'c'e ~ cons'truction . in -Figure 3. : Dra~nag~- of water that migh't accumulate in 

the ·~ub-:-s,fap.::9..rt::grade aggregate can be accomplished using a sealed sump as 
shown i~ F.igure 1 ~r , by ~rainage to g~ade 9,r. · ~, sewe~ using solid pipe. If 
the dotii:U:e.::""b.ur:ier-· sys'tem···ra --rlo't e!fecti:v~~' irt _~tre. . p:assive mode (sealed, 
vented: .tcL.outdoo.t:- air, or pas·sive:ly!-'depr~sstliize'cf u'sing stack ventilat:ion), 
then active pressurization or depressurization can be employed. When a 
barrier is placed directly on the soil of a crawl space and the floor of the 
house is sealed, one obtains a double-barrier system with the space between 
the soil barrier and the floor being the permeable space. The crawl space 
can then be vented to outdoor air or the crawl space can be sealed and 
passively depressurized, or actively pressurized .. or . depr;~ssurized. To reduce 

- the .. volume. ~f air to ·be 7pressurized or d~pressurized, a permeable layer of 
' ~gg-~egate or other construct:ion t:o form a permeable space with barr iers on 

both the soil side and house side can be used as shown in Figure 3. Sealing 
the floor and using a double barrier at the soil surface results in a triple
barrier system where the two permeable space~ could be treated independently. 
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For example, the aggregate could be passively depressurized and the space 
below the floor could be vented to outdoor air. 

·~ . SUMMARY 

Radon-resistant construction designed to decouple houses from the soil 
has been suggested and used in various forms. The EPA refers to constructing 
a pressure break between the foundatio~ and the soil. Brennan and Osborne 
(4) suggested that a drainage mat be ·us.E!_Ci .. · to form an air curtain around the 
foundation. ---A Denver builder excavates t"Cr· a depth of 10 ft. and constructs a 
crawl space under: a wood~ basement floo·r""J ~- ~: The crawl space is then 
actively ventila-ted~- ·· Walkinshaw (5) constructs a shell inside the basement 
and then ventilates the space between the interior shell and the basement 
floor and walls . 

The double-barrier approach described ·in this paper attempts to modify 
normal building practices to be more radon-resistant at moderate cost. 
Barriers under the aggregate and on the out,side of hollow-block walls 
interfacing with the soil and rock will be the most effective barriers in 
reducing radon entry. The double-barrier cbnstruction creates a relatively 

·small permeable volume between the inside and ioutside barriers that can be 
managed in several ways, either passively or actively, to reduce radon entry. 
A key element in this design is to maintain!water drainage from the permeable 
space between the barriers and from around the foundation. There are many 
types and variations of house and foundation construction. Very often these 
variations are dictated by the local and regional surficial geology. It is 
not possible to describe a radon-resistant des·ign readily applicable to all 
types of construction and water drainage conditions. However, a better 
understanding of how water drainage systems around foundations can increase 
t~e po~~!ltial for radon entry will enable builders to make water drainage and 
radon-resist~nt construction more compatible._. Double-barrier construction is 
such an attempt to make water· drainage and radon resistance work together. 

The work described in!this paper was not funded by the U.S. 
Environmental Protection Agency and therefor.e .. ·the contents do not necessarily 
reflect the views of the agency and no official endorsement should be 
inferred. 
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Figure 1. Double-barrier construction for a basement with sump. 
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