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NEW SCHOOL BUILDINGS 

by: Alfred B. Craig, Kelly w. Leovic, 
and D. Bruce Harris 
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ABSTRACT 

The Air and Energy Engineering Research Laboratory's (AEERL) 
radon mitigation research, development, and demonstration program 
was expanded in 1988 to include the mitigation of schools. 
Application of technology developed for house mitigation has been 
successful in many but not all types of school buildings. School 
mitigation studies carried out to date in the AEERL program have 
been reviewed ·in order to determine those architectural features 
which affect radon entry and ease of mitigation. This paper 
details those features having the most effect and recommends the 
design parameters which should be most cost-effective in 
controlling radon in new school buildings. 

This paper has been reviewed in accordance with the u.s. 
Environmental Protection Agency's peer and administrative review 
policies and approved for presentation and publication. 



. ( INTRODUCTION 
C· - ,_ 

The Air and7=Energy Engineering Research :Lal::ioratory (AEERL:) of 
the u. s .... ·Environmental Protection Agency ( EPA) has been ~devel:_oping 
and ,, demonstrating . radon mitigation techriblogy rn· ' houses, . both' 
exi'sting ---and new 1 since -1985. In 1988, the· program" was' e_xpanded 
to include radon mi tigati:on in exlsting sctioofs. . In _ ~:tJlj:! 
intervening 3 years, detailed diagnostic studies h'ave- been __ <:::arrle.fl 
out in ·about 40 schools in -a ·- states and mi t'igation· studies' in '2'0 
of these schools. Wal:k~thr6tigh examinations:;- : and _ revi_ews :- ·9-f:_ 
architectural. -drawings have been• conducted -·1ri · many· ad~t_iona.l: ,. 
schools. -- : ,, - . . '" 

~ .... ·· \ _, 
..... .... . 

over the past year, architectural features of the schools 
studied have · been carefully revlewed_ in an a t tempt to id~ntify 
those features which~affect radon ~ntry a~d e'se of mitigation. 
Results cof the s·tudie'S are currently oeing used to aevel:op a g\.11cte· ~ 
for construction of radon resistant a:nd easy-to-mitigate schools. 
This new guidance document will be available later this year. The 
purpose of this paper is to briefly summarize some of the de,ign 
and construction ·::features :whlcfi -· have been identif i~d as imp9rtgnt 
in this stud:y • .. __ i:- . ;_. • • . • . . -· aco.. . .• . 

-
Nearly all new' .. 'schools being bui-.1. t today) 2 a 're slab-on-grade ~- r: 

( SOG) , ·· and - this · '.>.".-paper is · limited to -- this 'architectural-' ·. 
substructure • . .: However,c. what ~is stated for SOG schools normallY"·: 
app.lies to schools with basements and is~ appl icaf>le to : them. Few; ·~ 
if::any, new schools - are ' being ouil:-t <toaay with: rerawl spaces, ·-so : 
they.·. are not cove-r ed in this- paper:.:. -~·. ~- c'~ • · ,. - · .:.':.. ;~. ·.::: :: 

r.: : ::.:.'.:! ' • :. : . ~ i;.; ~ : .... ' ~ ~ .. _ \ :; 

-·· :-.:-::: : DESIGN ~; FEATURES• WHICH: AFFECT RADON EN'rRY .: · ·:c !:-. ·;., 2.~.::. 
:- : l ~- ~: . ~ . : .; ~- .. ; - ·,·: ~-, .~ ..: : . -~ ~ "":" 

Two design features are known to affect the rate of radon 
end:ry into 1arg·e- ~ bu · -ldings~~s~lab: cracks .:., and per1etra't1ons~ and 
pressure differentia-ls restil tfng · f-rom : the oui.N:irng -- sheTl ·>: 
construc.tion ·. · and the- - design · and · aper-a t io·n ·-=- io f _the Lheat inq;~; <-' 
ventilating, and air conditioning;8(·-l-fi.11AG) •.: sy·s·tem ; - :. :: . f-1-:. F ·; ·· _,::_,qc 

• • . L·.· ;.. 
~ · . ... -

~ .t ;'Slab. crackS;: e-:xparis;ion ~ jdin"ts"/ and· p~n€trat'ions _.f'rr':~r.hoors va.r e 
similar:.to .. .tpo~- :~irt-::"hG'Us.es ~ ':-·aS (is'Ht:heiC'r '-C c:m~rol. ·: The·s~~·can~- t5e''-l 
eliminated <:by . a;-+tra:-n~ of . buii:cti~nq fd e's-i-'gn!;"· ·a·r · ·ales.t:r·~ ef fet:ts ·.can '-be ~- ·; 
minl:mi zed:.by .:prop-e.r sealing. : c- -:c.r.ea:t . t.:are::- snou·H:i ~e ::: ta'k-en_..:.y n .. ~s 1-a_b_"" · 
des iqn.; to min:i mi:zel s'l.3:b · cr~cki_ng-Z ,~: : -: <- ·' ~r:: :· · : : · ~- · ~: -~ ~ ---; -:i- ~- " ·:: 

~-•. - _- ~ • f • r- c t" ~ • .-:- - .., - r .. ;_:_ •. ', : ~ . ~ _...._, F • s- - . ' - .. '- r -'"' ;:; f) :1 s ;: :: .:. ~ J.~ ·::. s -~· n ;-: . ~ ;";' ~ · · t- : .. · • . ~. . :-:.~. .. - . 

.~ :;:, :::S~aling iS:-' ev~-f.l:::m'Q"l:"e ;:di~'ff:i c'ult- 'i n ~ exist.ing ·: schocls-"tha."n' :.. i n L ::O 

houses tsince:;th-e dr.acks::are .-fr:eq.tJ.ent .Py 'h:tdae'n - a 'fld ··cannot be read.i:-fi · · 
fo~nd; L ~However ; ::ttf.i:.s 1:sc hotr true ··· n =- n:ew :'s dhoo r ·cons'truC't 'i on -where ~-:~­
all cracks -and" op.en.ingg:· ih~~the ;'.slab~are readily acc:essible ~"'at· some-c 
stage of construction. . .. --------- ... -~ _, .... 

:..: . ... ---~~ ~ 
.. . "::" : . .. ::,. ( ' -· -~ . ' ' 

• ... -. -' I""\ .J, .... . ,· ~. 
::_-. ~~ . 
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Expansion joints are the :largest source of cracks in SOG 
construction. Where codes do not require them, they should be 
elimi,na,teq since, _.in . ..most cases, they serve no us_~~u1: purpose. A 
slab is a:t . .'. its ~ larges't . size during curing in t;.he .first few hours· 
after -'pm~;r·~ng, 'due to the heat of hydration of tl'te. :cement. ; As r·a 
resplt,., .. .. -ttie 'on.J.y . J cSla~ whi~h can be larger at; a later .date 
( r~~:pl-ri:ng an ~~!':P,~~sion: joint) is one- ct:J1~t; :is P.oured and .cures in 
ex"t,p~Jllel.y ~ gp,l~ weather. Al-lowance f..oJ; E · shr1nkage, the other 
func 'tion!'o 9r·.-an oJe.xpansion join!-, .is ,. 9~.ttei" .accomplished using 1)our 
joijlts (,w'i tnout exp_ans'lon joints) Q.:t:, ~ con~rol saw joints, bo.th~· of 
wh·H=J:l . ar;e much easi~~r to seal thane are expansion joints. 4Y.h.ere , 
pour· joTn~ts are used without expansion joints, both slabs sh.ould 
have a tooled edge to make possible a good polyurethane (PU) se~l. 

• ~·". , .... - .... I. '"' ..:- r: ". :-- ~ 

., .L t·opi:rol ~ saw jo~ts ;~ pour ::J"pints, and expansion~- joints:, where 
useij,- shoul~be paretully seal'd with a flowable PU caulk .~pplied · 
acc:Ora jng to : the: manufacturer;-' s specifications. .::With expansion . 
jol.nts, the , top ·'1.;2- in.* should be removed to_make, space for ra~ ·.good 
PUEc seal. _.,?~ . : .. -? w " . ·'· 

. ' - ,., __ ..... .. ,.· - ~·· ~ . .. .. . ... : ... ::- [; ~ . .:. •. '· ~ . .2 :.: 

' __ A,~ ·-second source of: openings in . . the ;: $lab ~Are· utility .:iine 
penetrations. These can be minimized by running all uti:_li ty lines,· 
except sanitary sewer, overhead in the area above the drop ceiling, 
a prac;tice found in,. some. existing so)'lools vistited ·in our mitigation 
studies .. : ~ Ovez:head utili ~y lines are ,.recommen,ded in radon-prone 
areas .fn ·order to minimize slab P~l'letrations.· by utility . l.ines~ .. < 
Uti~~ty penetratio.~, w~~n present,<':must be e.arefully sealed. I.f0 
c;ny .. typ_~ _qf :wr~PP~!lg,Jl~s be.en pu-t ~rounq_ .a J ut~ lity : pipe to protet;:t: 
1. t from the · concrete, 1 t frequent;I.y alJo~.~ : ·,sol.l .gas ·passa·ge. -JI'hJ,.s 
type of wrap must be designed so as · to not allow any soil gas 
passage or it ~u~t ·:. be :;~emoved aft:~.r the concrete .... is set and the 
resulting space filled with a PU caulking. 

;- ~: L f'"':' -: ... , .. ·· .. • .. · .:- ·. ~ ·: . .. ... .. : : : .,. ·· ... ·• ? " • 2 ... • :: .. ~ £. ~- r: ·-. : .. ;·, 
• , ~ In somee . .d.e.s..1,9.n sJ.tuatl.Of'IS i- u.~l;l~.i.:t¥ PJ.:Pe~r pen~~tr:ate .the slab:-:e 

in · g~O':JPS ·· :~: :~n.t9;r~ pj.pe cha.~es. l:n ,t;.h~~-e sit.uatic:ms·.; ~ .. great care-:- r: 
sh~~~~ :: lf.e: .-:tak"'~~ to des.~_g J'h .a.pd.: 9~n.s truct~..:l.ll suc.n a way, that no. slab.::· .. 
opernngs are left bet\i,.~e-~- r:;theJ.·P.'l-pes-.-. ~":~~ ;:_r_:-, :;· :~;- :;: : · · -:--···;yJ 

HEATING, VENTILATING, AND AIR CONDITION~:~. :SYSTEMS~: ~:~ ~'! :'. (. ./. :.,.£ <. · . .t....~, 

: .. "! J12~t.c. .~-s=P~?)~ :. b~~ FJ9 .. ~uj.--:~ ~- :-; 1:o~ay;- .a:.z;-·e; Sli.~.- f.QQ~dition~d . ::. <. • This 
us~p._.fl..y~ :re~ZlJ~¥ lf! ·~~ ... ~·:i!e ~9~4::1,-arg~ tl~AC ~¥~.:~m~-; ~supp:l~n9.:' many"' ·. ~ : 
roc:yn_p ~ 1 f-:)~!1e§~ '! !~r9~f.I ~¥S;.t-j!.m,~-: t.-q·I?_e . :..a~~.cn~.~ lQ\l:l;- 1 ~ ~_j,.rtJ:l·i::pr.oy·x<srons :'~or ~~ 
ve~;..l.! tat :-.:-ol1 : el;fi: tg~ ·~~fi.~ .~~ o~-.a~J .~t.~por. ~;Qo.:lj: :C f:. t~ -~he~::alr .=handlJ.ng .i m 
system. Th1s results 1n pressurJ.zat~~D~ ~~~th~sbYlad~ng~ as long Rassb 
the circulating fan of the air handler is in operation and an 
adequ~~- qU9flS~~y~ of):· Cf~'!::Q.9.qr r-P:.ir: .d.:.S:l w :;i_n-g PJ:"~gd\l,.t. .: <i nto the ..:.s¥Stern 
cor1_t.i.m.fc:?u.s t x . .. -: ~~~s~~ri~.~;1;;i.9r-J · t~y !! t..bfo ~·::: :me~ost;_.w-J::bl• ffi"~ni:.f .Lcant ly ~·. ,, 
red·uce ,,rad_q~:f?.P~~~ . .i~i ryg; ::!?:Q.i 1-,,g,C:\s r.~nt:rY. .; ·a~ .: ~ O!l.g ~a.s-. ·the ::c i ·lYC:tU a ting(.:. 
fan . i~ C>:Be:t;at~n;g , 2.~J'3Q fr~sh.s~ir;i;s :be 1ng ."'. Pr~ug-~-.. i m..:! ~1.hen .;t~e 1 . · • r; 

. :-.":"~~ ~~~··~ ;<;~!"'"'; :.-.:-_ ·~'. • r _.·3, 

(*)Readers more familiar with metric units may use the factors at 
the end of this paper to convert to that system. 

')' \ 



circulatin~ fan'goes off, as is usually the c~se . ~during night or 
w~ekend temperature setback, radon-cqntaining ,_soil gas can enter 
th~'building and in some cases has been found to reach high levels: 
in some classrooms. Once the circulating fan of the HVAC system 
starts operating continuously in : the morning when heating or 
cooling is called for, soil gas ~ntry is stopped and the radon in 
the building is diluted civer ~ome ~eriod of time by the outdoor air 
being_brought in by the HVAC system. If the r-adon level reached 
during .: the night is high, this dilution process can take ~veral 
hQ~r~. Stud.ies underway, some of which are being reported at t]lis 
meeting, a:re· aimed at determining under what cqpd-i tions tne.-HYAC 
sy!;?tem can· be depended upon. to ~control rado~. to a satisfactory 
levr.l ... Viability of HVAC syst~m. design: a!ld ~o_pera~ion as a-: radon 
mitlgation approach cannot be deter-mined until these studies are 
completed. _ ···· ' · 

~ 

Return air ducts have been found to be- an entry route for 
radon-containing soil gas. These should never be routed below the 
floor since they are always under negative pressure when the HVAC 
fan is runni,ng,.' Where "the.; ceiling .. plenum Js U~~ct as an U!JdUcted 
retur.n air space, any .. block walls penetrat:4ng the sl~·.t;> .. and ending 
in the plenum should. be capped. with a solid. bloc~~. Oth~r~i$e 
radon-containing sdil-~as can reach the plenum through the block 
wall which is very porous below the slab.. Radon leve.f.s· can aiso 
b.~ild u~ in supply- <;lucts under the slab: when :the cf_r._culating fan 
is off and then be brought into the room when ,the ;_circulating~_ fan 
comes back on. · · 

.. -.,-

Buiidings.can also be'heated and air conditioned using ·unit~ 
ventilators (UVs) supplied ·with hot water or steam from q~boiler 
ahd with chilled' water furnished from a central chiller. ~l],lUVs 
are des.i.gned ~- f·or fresh .. air addition . at , the· unit: Use of r 
IiressurizSi,tion to contra~ r~don_ :in t~is'' ~type~ of systemci~. s.t.~~lar. 
to that o·f, a large cent_r;al:. HVAC system. , .. .• r 

,. -.. •. ~ ~ r.. • -- . ~: ~·· • . ~ ~-~ ~~ : !. :~ ~ : . & :; F _ ~- •.: · 

. Exhaust ·sys'te..rns" 'for. large rooms . such as .. ki t~h~n~ ,- lunq!}rc;>ol'(ls '· :. 
gymnasi.urns, rn '?il tipurpose rooms, a~d . shops c~ea~e . spe_ci-al ·PI' C2l;>l ~l!l~ ~ 
since th~y_ 'can, .cre~ate_ negative presspre- and cause .. radon,..contain i ng_ 
soil gas' to be brought fn ·. · Thls can be ~lill\:i._nated.:- by. ~.UPP~Y ·~ng· · 
more conditioned outdoor air than i s removed b~ the exhaust s ystem. 
Al tho.1lgh,, tpis, m,ay __ appear: to b~ ,:~-~-=e_x~~nsi-v-e:_ So9,1-~t~c;>I\.,c. .. i.t: .. is, the 
onlY. Jcnown: !!!.9--Y. _to~ .ensqre. no, .s.ol.l ,gas "entr¥, .. ~ .. , -. ·.:· ·" ,-" . .· i - ... -. c.~ · "-

.. - ,. . ,.. -· .".1.. , :::-·J• . ~ ·.., -··"'' .-... ~~l~•· ··• · 1 •·· ,. •, .... ~. c_ f."'"' o • '-~·I.,_. ~·· -- ..__.6 .. -. 

. ..;, 

,,, ,..., ,-. ; ~.: '' • f 0 -~;'1 _, ,:3 ~ - .... : ~::.1 ... :_L :~ 'V··:· ... _ .Ao..:.: ': ~~ :::- \.'.~ ,·~ )~' ,: I;. -· 'L ~ ,.. 0 ; f' ; ..... i ·~ :·~- ~~ ~-,;. - ~ 

.: :·. , ~ f~S~~r_qp~~ ·a~~-<?) :.9?.J?ta,,~n :e.x~a~s.tr ~·~ans :-~~~CP-. fr:~~q~~~~-1~- .. .c~use . 
eleVated"' ra·don ·levels 1.n these rooms. Thl.s can be ml.n,-l.~J.:-zeA. ~by ~~ 
keeping the exhaust fan as small as code requirements will allow. 
In addition, since the amount of time per day any ~erson spends in 
a restroom is presumed sro,all., exposure in ,this area>, is' ~-relatively 
s JYl _a .;n . : -~ : : '. f • ~· • ~~,,. . : . .. . .. . • ~, .- .: : . • - - r --

- I-' r • 

Sch9ol~ w~r..hout .. air. c,o,ndit,ioning are- frequen~ly ventilated by 
the use :.:of 'exh~ust f.ans.' ,uS?liaTIY. ..njounted ·in the plenum above the . .._ ,· 
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hall ceiling. The use of exhaust fans should be minimized in 
radon-prone areas - since this will usually result - in a ragon 
problem. Rooms slioul:d always be ventilated by bringirfcj' in outd9or 
aib· ·rather than by ::-exhausting ; room air. ·. · ' :: · 1 

" -
:. , 

DESIGN FEATURES AFFECTING EASE · OF 'MITIGATION 
WITH ACTIVE SUBSLAB D~PRESSURIZATION (ASD) 

. ... :7 !" ... 

' . 
The most succeS'sful mitigation technique . for existing s9._ljbols 

has been the:· use of '; ASD, the· ~ame as in existing houses. Th-i.§ is 
true- a-s leng as the school has ·aggregate ·under the sla~·. Sing~ - tJ)e 
pres~nce ' of aggregate din be required :ln ne~ s,chool . constigc;:~.j.on 
(and:: is;:::in fact, common practice), then it is logica:.-1. tl)at, ' UI)t._.i:l 
similarf informa1i.fon -'f"or other mitigation options becomes available 
for performance "'and --cos-t Compa~ison, ASD should be :the mitigat ion 
system of choice in new schools. Thus the rest of this paper ·will 
dwell _on __ fact9rs whi?h affect the ease of api?J.ication and the 
effect1 veness ·of ASD l'n new schools. --" 

.... ,) 
~ (· · -·. : ~· :.. : .·.J""" (;;, 

Inr a paper which the authors :: pr~SeJ?t'e:a·· ~t the:!: l_~st ,-s~ymposium 
in ..,Atl-clnta(l), t~o schools ·mitigated=-- in " Nashville ·,· TN, _were 

• - .., .. • _ , .. .• • ' t , .- • • ·•·. t. :..:· ' 
compared. One r~qu.treS} 16 suct1on po1nts_···to m1t~c;Jat~ 15 roQms, 
whereas 15 rooms · were · mitigated' to a low~r· . r:ad~n, lev~l in_ ... th~. 
second school with only''" i ~- suction ·point. 'This- 1str.i:-king difference 
in ASD eff:e'ctiveness was1 the. moti vatl.on ; "for 7 ' these authors t_' 
beginnfng to' review the factors which _ -a·tfeG'fth~ eas~-_ of mi tigatiq'n 
in schools and 'has led to this paper~ - ~ · t- . ·. 

In the authors' experiel_'lce, . pressure field e_xtensi.on ( PFE) , 
is ' the ' most valuabie diagno~tic 'tool --iri determinf'ng: ttt~ - ·ease of 
appl i~ation ~of· .act.l ve subslab''depressuri _zati~n ( ASD )' ~to 'initigatio_n_ 
of houses, s~boofs, and~ iarge buildings. ' PFE m~asur.ements are even 
more imi:)ortant · in l§.rge buildi·rigs; than in houses since m!-.1.&)1 large~: 
subsicili :: areas =are ? involved and sub~ lab ~b~rz:-iers freque'h,'t'::Ly exist 
that are not normally found in -· houses. - Fdr ·example, PFE 
measurements led to the prediction of the difference in ease of 
app'l rc·at:.fO'n- of'~ 1' A~e" -t'o :_ the . two11 ~ _pr~--t-fdusiy : <N~~cu·s:s=~.d ~ N.~shVi_lle 
sC-tli6ofs"Wnilc'h Was': then' conf irm~d :..'by tne · resu'l ts "dbtained. 'Thus PFE 
ig)rJs~d= as:: ·a·· "s~r~dcja~e _for _ ea~:e·''·ti(j\i tig?tig~ ,;l_n :t;he : ,$UbsEtguent~ 
dl:scU8-§.P6n Nf tfh!J.s<; n-a~·r··: '.:IC n .-:.- ~-- ' . . . . t ~ ·•.. .. - . - ~-

. ~r~~c ·: G J~.u r:;:: :.:{~ 9:"-~ ·:J bs~.:r~ ;;~~~ c .. . i.f ~~~ -:: .... f ·::~- t .. .-i...~; . : • .. :~:·. ~. tl<) ··: · .. :.~: 

~·.t:J J? ~re.~ie,.r:~t:-t-h~2 ?F'~ ·meisurements thatL ha\/~ b~en· · n\~de'1 o·tl ·:~:1J.~ 
0 , .., .,.. ~: (,..:, •• - - · -~ 0 _ ,, - ::':· - • •;. : ... . :::., 1 • ' • :·_- • 1 • a·.., , 'o. ·•• ) · ' · ' -. 

of the schools in EPA's ~ogram;"'"e-xamirfation- ·t5·f'"thetr a·:fcnit:ectural 
drawings, and many discussions of the factors affecting flow of 
gc:ses t~~'?.ug~ ,.., a9.9re:9-~ ~~. ?~ci~ ~~-~~-- .tel,l9~::-"~9.ie_D.t~sts.,:-!':'~3§~~g . on 
ra:cforfhave~ f.ear-~~; th~:: l. ~.~nt;J.fl·c..,C!t:~~-n · ~~ ~tl~ .. fo~le?:~t~g _'f~_ct.or:.s. XJh.l..j=flc. 
afr-'ect_O:-p.p-:-t;.i1.!.~ e~ n·~ ~. ... f.. .e .: •J .. _ -=~:=> •• • ... -- --' -- · ne·-· · .. 9 ... t> -- . ~-

. #" ;,- ; ~~; ;;~~;~~:;_: ~- :·>::' - ~~;·;~:~:~:/:_:·:. ~~~\.:;;.~~ ~!::~·/;~:;~-~ ;1~·::~\::: ~~~~::: ~' ·~,~-l':~·: 
·· -;£. .. : ·:.' Bu'lk'density for ·.:vord vo:tu:ffl~) ~-'"·-- - ~-, ·· -~-- · ·-- -~,--~ 

Particle size (both average size and particle si'Ze.:· 
distribution) . . 

--~ ;:::; ~ :·: ,.., Type · ' (natura.f_ly _o_ccuir i'D,lf. ~ton~-i.>ir·6_m, fuof:ai"'f\e. 
· <,~ - - D · ~) .. : -~'- deposits o:f·cru~·h~d 'bed .. rcfcK) -~.... .. -



! r ! . 
. ~ ... 

Layer thickness and uniformity of thickness 
Subslab barriers 
subslab suction pit· size .. 
Amount of · ~:Uction .. applied 
size and lpcation .:.of openings in slabs {·both 

planned 11nd unp-lanned) 
:.-. 

"';; (. 

- T.bese factors are discussed in the following . secti'ons. ·:.; - . . . 

' ' 
Aj • ~-;· ' (:"· ,.. I :. ...-"~ ·~ . \ 

'rhe four propert·ies of_ aggregate listed ·above . are-" "Known to 
· ·.affect ~- :the · flow of a-: gas through stone beds •. £ Bulk density·· is 

... ~actually co!ltrolled by ~ particlei,size di-stribution- and type of stone 
(naturally occurring moraine. g r.av,el, which:· i.!s .. rourtded, packs•'m"ore 
efficiently than crushed bedrock with its greater variation in 

.shape)_.,_ >: , . ~ .... : :1 -v •. - -:: 

-
The f.Ollowing t .entati ve. conc.lusions . '.are ·postulated ·on the 

:·., effect of agg:J;eqa:~e p~pertie::; on PFE: . -~ :- . t.- ~ .-
... '1 • ~ .:2 v"': r ,'1 ·: . ~ . ~ . '· .. ;.: 2 .. 'i .-. \ r.:; : ~? . . ;: : ::. . 

1. ·.J?FE.iis woportiorial· to average particle si.:.ze--the smaller 
~Jle ~particle size, the 'less; the .. "PFE _. ass"lfllling the same 
p~rti.,Q~e si.ze distribution. ·. s . · ·< -

\ 2 •~• w~ • .:. ~ - ~ : : ~ ,. ·~ ~ ~ ~ ,.. ~~ 
-. : . 2.. r !!'}'le. narrowe_r , the particle size distribution range · the 

grea-ter the .._.-yoid volume and hence the :greater the PFE. 

' - .J J~~ 

. . ~ ' . :: ~· ·. ... { \ 1 ~ . ~ ·~ 

t s~he~smeether · the . shape of the: stone, the~ lowerr the vdid 
· volume; hence: mo·r.~ ine · stone ·fwi th its rounded cornets) 

will give lower PFE for the same average particle size 
and pa;rtJcle size.. .distr.ibution th"an .-crushed· a:ggi::'egate. 
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and schools is the presence of subslab barriers which are 
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The type shown in Figure. 1 (schematic:} is the 1most common and 
unfortunately the most difficult ~ to mitiqate~ In this type, all 
walls aroun§i_ each e: room extend :below· the slab to footings in 
undisturbed soil resulting in the same:number of compartments under 
the slab as number of classrooms above the slab. A section of this 
type of .wall,; · is s .hown in Figure 2. PFE measurements ·mad·e · in 
Nashville showed that some PFE could be achieved through one 
subslab wall but not two. Unfortunately, installation of··a :suction 
point in every other room was not sufficient to mitigate the 
i _nter;.vening .:roQIDs, and it ·is :now.~··:believed ~that a suction:: point will 
no_rmp;),.ly Q:e:cnecessary in "every room in this type .. of school. 
-9Jtviously, this:·~ is not ·· a :recommended footing configur·ation for new 
s~hools built- in: radon-prone area-s. : ;~ · ' · 

,), 

In the plan shown in Figure 3, the hall walls extend~through 
the slab to footings, but the walls between rooms are set on the 
slab.. _ "':r'he . sJ;ab under these· walls are normally thickened slab 
footings as shown in Figure · 4 • . : 'Aggregate centifiues unde'r these 
thickened sections: consequently, they do not adversely affect PFE. 
~ne- ~uction ~int :--on each sideca.f thEf ~har:l wil1 mitigate a number 
.'Bt Er:-qoms i-nr:·~ :this ·:::configuration·, the .l number~·- depend1ng on other 
variables which affect PFE (such as~type of aggregate). A third 
suction point might be needed in the hall but it is unlikely if the 
rooms f on reach · side of the hall are =:- adequately mitigated. · In this 
type;:of~ structure, the bar =joists ~ for the =roo~ are placed 
perpendicular to the hall and rest on the hall walls. The walls 

: petw~~n-::the ro.oms do not~carry any roof .. lbad afld consequently can 
2 r~stc satisfa·ctorily rent thickened slab'" footings ~ ~ :· 

.: : ... re ~ ~":'" ~!:p_f.. .~~ ?~. ~,v, .L ::. .~~ ~ ;..~ r. ~c ... ·~ ~- ··: ,~~ 
. ::, :. ~::-" f~g\lre~~s =.shows r.a ·. footi:rtg c·onf igu:ration-:found in three schools 
mit1gated by EPA. In this configuration, th~ walls between_~he 

t ; ioo.m;s_ ·go through : the.'. ·slab·· ·to:~~f ·o-o.tihgs but the- hall wails .. set· on 
;:-- · "t;t;l,.:i.{c~en~d. slatt ··footings: : ·In- 'th-i7s · ccfse, ·the ·:roof> bar joists are 
i=; jpJ:aceQ. paral ~el-: :to~. the . .:.::harl and ·:r-est\· oriJ' the· ·wa11s ·. between the 

rooms. The aggregate continues under the hall for the fu1i length 
of the building: consequently, PFE can be achieved down the hall 
and into the individual rooms. With this configuration, the 
suction point is best put in the hall, and the nu~ber bf:rboms· that 
can be mitigated will depend on other variables (suqh as type of 
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9 <P.Pn·fi~~rct.et,m:re~£ no-:- Wlil:l1.~z:sg~ ~hroug:fi · tfCF'· ; ~~o·t:Ings: ~ ·i-i·f ~:: sit9 .. on 
-=::-~.:hie.~eneg.:: ·-se1:ab ::fo~tings~ t -:"""!!!hi:S: is .:. re'=f-€'i¥ed1"-to -:!?il:'C9ii.,i. tectUT'a·fi.:Y -:la s 
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-;:.~re :;Ve·ry;:W'J.:de- smd .. ~er.y:: J;"ong ,c 1f.uth' ras · --superma·r"ke<tt-s·: •·' Posts '·on 'both 
~ ~~®s: of. th~ h~ll:J rat ·Two ~-~?-e~_syg~ th~~~~~·1~~~ ;tcf?~~ri79.{''a-~~~: ~~~ ~t.'~ed 
; ~ge.:ther.:..-·Wl th :: ·overhead •-1:5eams: :: wf\ :i c-h--· 1-n .:. turrt carry · the · roof -bar 

j-q-j.:s:ts.: cThe ·posts and c:-beams!"can<: JDe- elithe-t:" 1-~inf,Prc.ed 2oncrete·-as 
.tn Twp,.:Ri vers I or .:.more,_:;commoi'=lly . §tee 1 aS- 1·J:n· s:up·~rin"arket$:-. ~ In this 
configuration 1 the aggregate is continuous under--· -' ttie ~ e'h-tf"'re 



building and, consequently, PFE can reach long dist~nc•~-~ i! other 
conditions are proper. At Two Rivers, PFE easily extenqed 130 ft, 
and one suction point mitigated 1~,000 ft 2 to less than_l picocurie 
per liter (pCi/L). EPA recently arranged to have a hospital. 
building under construction install a suction point in the center 
of a 200 by 250ft slab (50,000 ft2

) underlaid with carefully placed 
coarse crushed aggregate (ASTM #5 stone). Some ti~e this spring, 
PFE of this slab will be measured, and EPA will have a better feel 
for just how much PFE can be achieved under a very large slab with. 
optimum aggregate and a large suction pit. 

SUBSLAB SUCTION PIT SIZE 

The importance of the size and geometry of the suction system 
under the slab has been the sut:1ject of considerable debate and 
disagreement over the past 3 years. However, it has been the 
authors' experience that, everything else being the same, the 
larger the suction pit, the greater the PFE. Although this is not 
too important in houses, it becomes much more important in large 
slabs such as schools. 

In an existing school, the size that · can · readily be dug 
through a hole in the slab is about 40 in. in diameter. However, 
in new construction, there is essentially no limit to the size of 
the pit which can be installed. It is believed that the 
controlling factor in increasing effectiveness is the size of 
interface between the hole and the surrounding aggregate. With 
this in mind, one of the authors (Craig) designed the suction pit 
shown in Fiqure 7. The pit is constructed by diqqinq out an area 
of about 6 ft square where the suction pit is desired. Four 
concrete blocks, axaxa in. in size, are placed in a square 4 ft on 
a side and covered with a 4X4 ft piece of 3/4-in. treated plywood. 
The depth of the hole is ·such that the top of the plywood is even 
with the bottom of the slab to be poured. The aggregate is filled 
level with the plywood, allowing it to slope into the hole. The 
angle of repose of the stone will be about 30° leaving most of the 
hole open. The 6 in. suction pipe is installed under the plywood 
as shown in Figure 7 and run to a convenient place for the riser. 
This arrangement makes it possible to separate the location of the 
suction pit from that of the riser. 

The plywood serves only as a form for the slab over the hole. 
The strength of the concrete after setting is more than sufficient 
to span a 4 ft hole unless the slab has unusually·high loading. 
tn that case, the slab will need reinforcing. 

Perforated pipe can also be used in lieu of the suction pit 
described above. However, calculations show that the suction pit 
has an air to aggregate interface equivalent to about 200 ft of 
perforated pipe with 10 holes of 3/4-in. diameter per lineal foot. 
As a result, it is believed that the PFE from either system will 
be about the same. Tests are planned to compare these two 
techniques in new construction. It is believed that the suction 
pit is significantly cheaper to install than the perforated pipe. 
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