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ABSTRACT Speciticaticns for new residential housing 
units for base personnel at Ellsworth Air Force Base, Rapid 
City, SO, called tor demonstrated radon levels below 4 
picocuries per liter (pCi/L) before they would be accepted 
by the Air Force. Hunt Building Corporation decided that it 
would be cheaper to build radon control systems into all the 
units than to have to retrofit some later. The Radon 
Mitigation Branch of EPA's Air and Enerqy Engineering 
Reasearch Laboratory assisted during the design and 
installation of the active soil depressurization (ASO) 
systems and followup measurements. The buildings utilized 
below grade wood floor construction over an inaccessible 
crawlspace because of the highly expansive soils. The 
initial installations demonstrated the need for complete 
sealing of the floor system. An effective quality control 
scheme was instituted which tested the negative pressure 
field established under every building and required 
additional sealing until each corner of the floor was under 
at least 2.5 pascals (Pa). Early data indicate that moderate 
levels of radon (100 pCi/L) exist in the crawlspace when the 
mitigation fan is off for several days and virtually none 
when it is on. Results from several buildings are presented. 

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

BACKGROUND 

A major housing project which will be leased by the Air 

Force at Ellsworth Air Force Base, Rapid City, SD, is being built 

by the Hunt Building corporation. The housing project has 828 

residential units in 251 buildings, consisting of singles, 
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••. !""'<' .-

duple~e_s, ·end .. quadruplexes . . .. The area where the- ~h6uses are being 

bui 1 t is known· to be .radon-prone. 1'1le· L.k±r Force =had ·tested 3 o of 

their 2500 ··houses and found aboUt 60%= of ~them--abb~e 4 pCi/L. As 

a ·result of :this high radon incidenc~ / "the.:. A1.::i, Foic~e' s initial 

Request f-Qr Proposal (RFP) contained:: a·: raddh :P;ertormanca clause 

requiring the builder to -test the:::fiouses': be!.o"ra· occupancy t~ 

---~arantee 
- r. ,.. ~ . . ' - ! .. .... ... ::::· 

tba:t .:they were· below 4 pc!.;:E·;- ' A unit·' testing be~ow 
.... ~ ' 

. pCij~ is __ -acc~pted by the Air Force ::for occupancy. and a l...:year 

alph~ track_: :test; is coitUllence'd'. ·If ·radon le~eis .. in:·the living 

area test below·· -4. pCi/L for the ~first ' year -; then Hunt'"has met 

performance requirement and no longer has· any re~•p6nsibili ty. 

tne ho~e initially. tests above: ... 4 pCi/L, then ·'Hlirtt m~~1{ bring 

"-'"'+evel below 4. pCi/L.before occupancy. ·when the ''f.year test 
~- . 

~ .... ,... •• • •• • -. !";", ....._ 

incr~ases apov~ 4 :.pCi/L, then the Air terce will stop payrlie'nt 

until the level_ ·has been .br:ought be.low- 4 pei/t:.-- .( 

.' f: ·.:-:·. CWi;:t~ limi te'd radon control experience,· ' Hunt:7 a'\iilding ;' ~ 

coz;por~tio_n _contacted~ EPA:to seek advice:-:on the·-:: ·bast-way::-d;; · -~ 

4 

its 

If 

the 

- • • ' _,} r-' ' 1=':: ... , _.. :'"", 1,;". ,.. '" {' , r 

., : .. con_str~~t -~he:se Jnul tifamily~· housihg urii ts' to •. 'ensure"raaon 'levels 

.of · below: 4 __ :PCi/I4.: SJ·r:: to mi tiqate · ~·the·m to :-:this z, ief;ij]>; tf ,:fti~y ~ ~~e . --- .. /. . ~ . - . 

~·r..:- foun_c:i t~~~ptaip ~o-igher levels -'wilen ':'t(i!'stecL'·.~.rt1~~· aeer~'t'~·J w~~=made 

A.:-::rbY,;;.!'fu~t: : tc.: ip.~ta.!J.· . ~"radon .mi t:t'qation :.~ystem sp~~ Eali1 Jnfts ~·i1rice 
f'7~r~; it;~ ~nter:{:ln inaccessi:Ole <:ar-aw~space cwoti':f2f~'ti~:;,v~=.fy .::cffiii~6u1 t 

.. ...;: ..... 
~~ J ~ ••• '"" 

,. _"_MITIGATION: SY~~_EM ':"DESIGN ·.::·::~ ·" .... :" 'J . ·- -· "'... . . . . . .. 
-,_.. ' - - .. !,.,-,?. 

.. . .•. _.,, . -:. 
c... .• '""" -· •. 

S· t . : :- ;:.~ · -~- . :.. :: . --· ·~ :· : . ·. -. . . -: 

' ·... .. ,. ·-. "~ . - ... j..... l"'"l ~ •· ...,. :} ·~.. • .. .:;_; r .. 

r.:-:.r .. T··-~ .~os_t_8k tl';~ u-n;l:ts:: are: two~sitory quadrup'le-,c~s w'ith · the ·. lower 

~El~.el .. b~~:l t ~ppro,ximat·elyr ... J> ft- :cl: ( m)!''· oe1:ow3 ~raa~ ·cP.igufe ~f ): : ::·The 

\ .. 'j 

-

( 
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. , , ,,indi vid~.'!.~~-~~i ts :are . seJ;?arateq by a double wall for < so·und 
. , .... .... _... ... ' 

deadening_, ~but ... no firewa.:krl. Because the uni ts•' are built -on c:· - -- ~... . ... -- . . .... 4 ~ 

expansi v~.,. ~o..;_ls the -Ai.t::" ~For_c,e is requiring that <the lowef' floors 
I ,' ' - - ~ .J • ' "'" 

be treat,e~q ply.wopd over, joists with a crawl space below. "The 
~: . .... ~ • •• • • ;;;. '•' , . .... - ... - 0 : - . .. 

units are l?u.i.J..t ~:-ith . a;~ 6_J.n.!. ( 15·. cm~)· craw.lspace between the 
.. :=:- :. ~ ..... • . . - ..;... ... -· '"":. . ~· 

bottom of the. ~joists ... ~nd, the clay : j:lnder the :units. The building 
:· .: -· ... - .... ... .. . .. . ~-

site is- bE;!ing. excavateci to a depth..: of 5 f:t ."'(~1. 5'::fu") and backfilled 
\t;G - ~ 9 C.. - .. .1 .. .. • • · • -- •• -
with compact~(:! . g~acia:l aggr~gate in an effort w- :stabil-ize~":the 
~ -?: . -. - .. 

~ground . ~I:ld ,.milJimize ~~;~~men~. .Tb.is is moraine tiTF which is 
~ . . ;1 , . .. .. • "- - •• ,. - ... 

jquarri,e~ -- c:>~ sit~ <?on~~s~~M '-,Qf· a. moraine:)stone .. ~ w:i:th a great deal 

of:,_ ~fine . ~ .~t:\4 .. and _ som~; "p;oi_l, :..in it. :: ··. 
- .. - . . c:. .' ' "'"'! ... . .. . . ' . 

": ~_fter .~e(?iewing the. y_a:t)ious; . :techniques which AEERL has 

tested on the mi tiga~,ion o~~.- ·~~~on in crawls pace ~houses, it was :.: ;. . __ .,.,. ~ . ..., . . : . . 

. r~c.ommen_d.es:\ that; the_ mos~ co~:t.:-effective way to Cmi tigate the 
<W • 'f:;' ; . ' -.. ' : ~-· - c.. .. -'• .l. . 

house with a high level,. o~e asp'l,l,ran~e ;o~ lowe-ring· lev&fs ·t6 --below . - ·.·- .... ... . 

4 pCi/L was: t.Q,.. ,U§e ,e~ ther ~ ~uct}.oJ:t_- under ... a :-:po·1yethylerie sheet in 
.;. . • • '. •• _, •• I.' L ;- o • .._,' • _, 

~. 

th~ ... Cfa~l?P~9e.7 or suct~on:,9n~, the crawlspace its-elf.· It' was; 
...... .. - . ... .. ..... ~-.. - -.. 

, 8~~C:i~~~£~h~~-;~tt~r=:-Wfl~ .. al} ?~9e~l.,~n1:: chanc-e· .of ·making :S-uction· on 

9~f£e ',:~1:~w!~P~t·~c'~at~s~ac-t:o~y .J¥!Y : <iioing a t.horough:.:~·obl O'f;;., s'eailng 

. the pl~oqd ~u}?floor · ·"" ~'l'he ~pl;ywoQd ;-is tong~ lin<F·groove al:ong the 
.t; ; t :~::d: GB~ r. · .. ~, a_::eL . .:.~ ...... · -··-·-' -......- -· ~· .. ··· · 

8 ft (.2.4 mh_eqge,.. ,, anp.. ~ll-. . 4 ;o-t~:(~.2:(.m) .·::edges'-are :. o-n: joists'f1The s J r; .. :_a :=. ..... - t":L,.. - ~.:: '· · · #4~ , ~ r. . { - · ~ ..... ... ... ·· 

... , ,P..l:i'J~.O_..'l~ ·.~~ ,.s~:se~~~(:;t;,o 9-t:~~;:.irqilc~~~s •- :NiO :.outside vents t' are .:: in-~ the 
...... ~... .......... -· ~ ... 

crawls pace, and every effort is made :to 2ItlaKESStJ:'ie ~ erawispac~ ~ ··as 

airtight as possible. Moisture should be controlled by the active 

mitigation system. 
. .. . - .... . • . ·' .. ·-· . ~- - . .. .J 

The joint between.: tne>-.floo~ ~ and '- the'concrete 

wall is sealed with polyurethane caulk. Any cuts through the 
:.. • • • •..• r.;' 

.., <p~ly;i;.hYl~I:l~ g.~?-~- _P:ll~~99_~ fo~:.J>ip~s:· are cra;r.£ff.ul'=':l"y S'eaJ:·ed around 
., ••; , - ._... I ,. " J ~ ·' ' • ,. 

, .·- the : Qi?~ : \!l~~h ppl_y~r~tha~e fo~m-:: Hunt .tras :bU-i':Ili>~:a ·box ~1n ~H~ 

(,'\ 



joists under tbe bathtub so the bathtub ·trap do'es'l'not penetrate 
~ ·~ ; ~. ' r 

into the crawls pace and. provide a .possible .. rado.n.: en<t:ry.:-: r 'oute. 

One suction pipe pe~. unj,~ is;._ used. _. This .. 6 ·~ in. piper;·=ln the 

wall .between the~ : ~wo middle units 'of~ each :quadruplex, extends 

straight up to the. f .an in the attic;:~ andr:, ·exi ts the roof 

immediately abfve. 

TESTING FIRST_ UNITS~ 
" ;~,"· c .... 

·-· -. ~:: 

). 

., ... 

.... .... ~ . ... · 

·: 
Since. }:.h,e building season is short in South. :oct'R.ota, -~, testing 

. .. 

began as .. ~99!l ... a~ _J;he first:: c:::;:-~w.lspace :floor. was installed. AEERL 
. - •• ..L \,..~ . . • . . . 

sent a team to Ellsworth Air Force Base to install a temporarY. 

fan on the system: and to. measure pressure ·reduction at the 
. .. , .,.. r. :·.~ . ,, ' !3 .. __ .... . : .. •.- .. - .. 

various pqints .. of ~b.e crawlspace below the plywood floor. ·; When 
i :: s:· · ~- . · 

negativ~ _p;-e~$U~e.s can .be achiey~d,-~_thr:oughout the· crawlspace as 
":.."' ;: ~ :~: . " ;.; ·:. ~:. ! ~- . .. J. ~ • ... 

measured ill al).. __ :eour. _.of the . ..corner:.s:, .. the greatest distances:·'from 
). . ''·' ·.::;: . : . .. . .. . 

the suction poin1~"',_._then np soil 9as· shouJ..d be sucked· into .. the 
,., . ... .. } ... .. .... ~- ~ 

_ ho~se. A 6 __ iJt.•- .. P.ipe W7~_s ... installed thrOJlg.h: the:: deck Of f. a ... -
- :~·-~-~::~.- ;. .1 -<~ ... ·•· , :..:. ,. - -~--- ~-#' 

quadrupl~~~ a~" .. tp.~ in.ter~ .ection .. o~: ,the.t central "party" . wall " and 
. c: ·- ' ' ·- ~ .. . 

the_ cen,traJ P.§!.~JU w.tl.ich ran,; the: full::. .lepg:th.: of the :· unit~ ·: AA :· axial 
f ~-_r:f; .. ·9. =--' .. .... .. .. ~ 

aligned centri~~ga_l._ . .fg.D was mounted OI) the pipe!:'wi th: power ~ ~-
no .i - ~ · ~ · ... ~ · :;..:: :· ~ ·: ::j \ .. ~:;~~:~ ~ : ., ... u ... ·- -~ .. · • 

provided througp._ ?t-:. speed_contro~J.~r~;::=·~n::~. elec;::tronic \manometet: . ; ... ~;... ~'" , __ ....... -· ... -- . 

measured the pressure under the deck at several locations. Once a 

few small leaks had been sealed, at least -0.010 in. WC:: .O(~""t:-.5 Pa) 

was obtain~d~a~ e~cl) _co1;~er ;Of ~the ~ui}q:i:;mg :.--a.nct :.more 
~.-::.-.;~ :, ~ ~-- ·- '.: ·:. ~ -.:lr-.. ~ ~;:;. - --- - · ~· .... .; .. _- ... 

than 1. a in. 

-~- s~~--~.~~a~_a : ~~L-.:_arL, ~:'?-';~t~qn ~i11~~eco_rd~q,~" :: ~-: : :.e~: ;.: ~::;.. 
, - .. - . ,.... 

A duplex was the sec..ond ..unit .-t&Srted-r ·No. -perime-ter: .or :"' · :~ 
·- --~ i:: ..... ' ' .... r :=: ;· :: _.. .. : ~ r !...' £~ r ~ •-' . .. .... . . , ~ .... - ..... ·. ' ... . . 

penetratic;m s_~aling had.,:jteen. dan:e ;~o~ ::"t:his. ~prov..ided: an excellent 
·-. . . .- .. ... - . . - ' ... _- ~ ..... 
. '' . oF•,.. -·- ....... ·- . 

opportun,i ty to test _the .~fe,qt, tne. ex~~~-:~aling· had· on the.~~-
• ·· • .L :: ··_:..;:: .:.: .. : ,.' .-: "':::~ - :. ~ ..... _ - ....... ·--

suctiof1: o_:b_t,e~:i:I!,~d ... . _Noe .suc_~~on was~ :c;tet~~-d-.Ji:t the corners and=oonly 
,; .. . ~... !... • ' ... ,.,.. __ • . . ~ ' 
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0. 2 in. · WQ; ::(c4'9. a· Pa) Of -fan suction was mea~ured which was the 

pr;ess':l~-e:- dr.Qp through :tlfe ·'floor : opening. The fan · suction was 

moni torea Wh'ile the sealing~ crew proceeded to clos~ the openings. 

Little ~tlange .wa·s notic'ed :until most of the wall joint and the 
_. ,r ""' 

pipe penetrations: we·r-e · c-losed. As the final" openi·ngs were closed, 

dramatic increases in the fan suction were=··s~i:ien . ·.· The installation 
... ... ... ..... ' r- , - . 

crew understood the need for carefully s~alinif all~ openings as a 
. '- :;. .. . r .. :; • ·:-

result -:of· ·tbis test.:·This effort also provided· the· basis for the 
t> , :'''l ' ' • 

.. strict . quality control· and :-quaLi. ty assurance· program ·instituted 
- .... . -, . . r .. . . -~ .... ; .., '. ' . ,, ,_ ""' 

. . .. ·~ · ' .... ,... - ~ ' ,/ 

activity: was finished~- · ~A separate crew pE:!rformed the tests and 

:.:o -r~pa.ired : .br.eaks in ·:.th·e ---'seal.· -~A :temporary fa'ri ·- d~;pt~ssuriz~~d the 

. :::. crawl_spp.ce :and the sub:;..fU)or ·s·uction -was :Jm~·aslired·.: iri}/ :Jriit that 
. . ~ - .. . ' ,. . . - .. ~. ' ... .,.. ; .. .. ::) :-: ~-· 

s,failed_ to draw at ..:J;ea·st- o-. o:-J.O'--·-in·. WC ii"l''tl'le' corners was checked 

for leaks ancL r.es:ea.:l~d- befo-re· addi tionai corist'r'u.ction acti.vi ties 

_:,!·.were ·allowed:; to .. proceed~::All;- bu1ld.lngs=<t:ompfeted· ~o far ha~e 

• . ; . .. .... .. ... ... . tl'•t:··· i .:: r: ·· ~ ;-:. :· rs .·., .: . .-~ - ~ -~. J r 
fan:~~ins.talled~::It may be possible'' to r~auce·'tfie power consumption 

' • r _. ~· , ' . -- . ......... ,_:}· ~ ...... '""l :...:· "'
1

': , .. r :-.~ - .. : -~ ::: !·: .~: '\ ::- "'1 :~. 
~.\lrther !by :::addntq :.= a::cs"eed ··eontrol -- to'"the·-fan·s-;. 

monitor was used to chefelf·:tO'r 'rciCtdn ~frr : efi':fe~· ;:;~ni fi: :;a :·i Eni~ed 
one wi t ·ho. :an·: .o~perat'ing · ' rni~'=fgat!on ~s-yst'em; ·i J'ril:'t : :~·:[ fh. -~:~-·finished 

' o4 • . • .... - ' • •. .. (. ~ ' • ~ ~ .... . • ~ ~ c !' ~ ~ .. •. :· f .-.. :- : . : :::·· ·:: 
~ ,,floor::which>1:iad;;.beeri :.;gealed ' for 1 ·weel{', arid ·a 'third w1t~ a j-ust-

completed · floor~ wit·hd-u~:: lf'inaY· seali:11'g .:= No ~-ra·ci~ri -:w~i.. f~-~-:-~·d ~:~:hder 
. .. . . ... . .. . . ; .. ' f' - j =~ .:: -- ~ ~·· ~ .. : : ... k~ ~;:: 

· · . · ::~ the· floor.:~ in th:e :f:in:ts:flea··,tini t •'-nor· -in "ther mi'tigatfon system duct. 
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Likewise, the completed but not sealed unit had no measurable 

radon in the crawlspace. The crawlspace under the sealed floor 

did yield levels of 100 pCi/L. This is a moderate source 

strength·, but could be enough to elevate unmitigated units above 

the EPA action level of 4 pCi/L ..• because the shell of each house 

is very tight and low dilution could be expected. 
' 

Acceptance testing of the first lJO unit section yiel~ed 

levels between o.a and 2.4 pCi/L except for a single unit which 
~ 

had a carbon cannister reading of l6.0 . pCi/L. A check of the 

system in this house found that'''the circuit breaker had been 

turned off; consequently, the reading was really an indication of 

the level that· coulq have b~~n. expecte~ if no mitigation system 

had been installed. A retest with the fan operating showed the 

levels reduced to 2.5 pCi/L. This fan inoperation showed that the 
' 

effort and commitment of Hunt to install the mitigation systems 

and insist on an ~ffective quality assurance program was well 

worth the inyestment. Retrofitting mitigation systems into these· 

units would have- been much more costly than ;. going it during the 
. ,{;:...._ 

building phase. ·. ; 
... 

I -·-- ·- ....... .... --- ...... . ..... ... ... .. . . ··· ·· ·· ·· ' . . - · . ·. 

___ -...~ 
--· -·-' 

. - .... .. _... .__ _ _ __ ., .. ... -
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Figure 1 ~;_ diJadruplex foundation plan 
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