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ABSTRACT Specificaticns for new residential housing
units for base personnel at Ellsworth Air Force Base, Rapid
City, SD, called for 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 intoc all the
units than to have to retrofit some later. The Radon
Mitigation Branch of EPA’s Air and Energy Engineering
Reasearch Laboratory assisted during the design and
installation of the active soil depressurization (ASD)
systems and followup measurements. The buildings utilized
below grade wecod floor construction over an inaccessible
crawlspace because of the highly expansive scils. 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
additiocnal 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 Corpecration. The housing project has 828

residential units in 251 buildings, consisting of singles,
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duplexes, and.quadruplexes. The area where thé hduses are being
built is known-to be radon-prone. THe ‘&ir Force:ha&'tested 30 of
their 2500 -houses and found about GOS:othhem¥5b5Ve 4 pCi/L. As
a ‘result of this high radon incidence,” the’ Air Force’s initial
Request for Proposal (RFP) contaihed’ a' radon performance clause
requiring the builder to test the’housés”before occupancy to
_quarantee that they were below 4 pci/£5°’A unit’ testing below 4

. pCi/L is accepted by the Air Forcé for occupancy and a 1-yéar
alpha track:test’is commencéd. -If radon levels in' the living
area test below-4 pCi/L for theé:first year; then Hunf has met its
performance requirement and no longer has any redponsibility. If
the house injtially tests above -4 pCi/L, then Hunt mﬁgé'bring the

_.level below 4. pCi/L.before occupancy. When the 1'year test
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increases above 4 pCi/L, then the Air Force will stoP péyment

until the level has béen brought below 4 pci/L. * =

- & With limited radon control experience, ”Huﬁéfaﬁilding”
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Corporation contacted: EPA:td séek advice“on the’ best” way to f
.. construct these multifamily héusiiig units’ to &nsure radon levels
_of below. 4 pCi/L.or:to mitigate them to this“level’if ‘fhey’are

.- found to.contain higher levels “whén “tested’ "Th&" dedision hig‘made
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retrofif. interan inaccessible idrawlspace ‘woufd ‘ve v ééy fifficult
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. ~or MOST Of the units are two-story quadrupleXas Wwith'the lower

level built agprqximatélynskft-{&im)“beiéquféﬁi (?i&u?é“i)ierhe
L5



Pl L

_ deadening, but.no firewall. Because the unitsvarée buillt-on

individual units .are separated by a double wall for<sotnd

expansive sqQils the Air Force is requiring that ‘the lower floors

_be treated plywood over joists with a crawlspace below. The

_units are built with.a 6 in. (15 cm) crawlspace beétween the

bottom of the joists.and the clay under the:units. The building
_Site is being excavated to a depth:of 5 ft (1.5"4%) and backfilled

with compacted glacial aggregate in an effort to stabilize“the
ground and mipimize moyement. .This is moraine till'which is
_quarried on site consisting-of a morainelstone’with a great deal

of fine sand. and.some .soil .in it.:
fm el e e R - e we -t

. After reviewing the various. techniques which AEERL has

tested on the mitigation of radon in crawlspace-housés, it was

recommendeq that the most cost-effective way to“mitigate the
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house with a hlqp“;gveL,ofgasguxange:of lowering leveéfs to below

4 pCl/L was. tg use e1ther .suction-under: .a‘polyethylerre sheet in

the”crawlgpgge:or suction;.on- the ¢rawlspace itself. It Was
%ecldeﬁ that gngre was an excellent’ chance of making ‘suction on
J <

the crawlspacg satlsfactory by :doing a thorough-qob*of-sealing
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the plywood §upfloor.m-The plywood ;is tongue and’3roove along the

ahian ab

ft (;'ﬁ m) edge,.and . all 4 £45:(k.2wm)> -edgés-are- onvjoxsts.*The
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,_lmpggi % is screwed, .to .the.joists.. Nocoutside vénts” are-in-the
crawlspace, and every effort is made :tormakecthe-&rawfspace as

airtight as possible. Moisture should be controlled by the active
mitigation system. The joint between.:tHeé . f18oE-and thé‘concrete

wall is sealed with polyurethane caulk. Any cuts through the

polyethylene and plywopd for:pipes-are: carefukly sealred “around
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.. the pipe with polyurethane fogm.;:Hunt.mas'builﬁﬁaiboxiinfﬁﬁé
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negative pressures can be achieved .throughout the crawlspace as
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joists under the bathtub so the bathtub trdp does’not penetrate
into tpg crawlspace and provide a possible .radoh: ent¥y® route.
One suction pipe per unit is used. - This. 6°in. pipe’,~in the
wall between the two middle units of each quadrupléx, extends
straight up tq;pge.ﬁgn in the attic- and-exits tha roof
immediately above. g L B e =g =
TESTING FIRST UNITS, < . IR RS U

Since the building season is short in South:Ddkota, ‘testing

began as soon _as the first.crawlspace floor.was installed. AEERL

sent a team to Ellsworth Air Force Base to install a temporary

fan on the system and to. measure pressure -reduction at the

e -J-J.- -

vgglqus points of t@e crawlspace below the plywood floor.® When
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measured in a%;wgou;ipf’the.corneq;y-the greatest distancés-from

the suction pointh~;hen no soil gas should be sucked  into-the

30psg. A6 ln. plpe was-lnstalled through the. deck of:ia 2

quadruplex at the intersection.of:the: central "party".wall-“and

theicen;:a} pggm wp;ch ran_the, full. length:of therunit:waAn‘axial

e
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allqned centrxfuqal .fan was mounted on the pipe!with: power -
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provzded tnrougn a,speed controller.:An: -electronic ymanonete?
measured the pressure under the deck at several locations. Once a
few small leaks had been sealed, at least -0.010 in. WC.(=Z.5 Pa)

was qbtalned at each coxner of tne_buxldkmg~and.more than 1.0 in.

we (248 8 Pa] fan .Suction yas .recorded.: cx meuin 2L LTS
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A_dqp{ex.qgs_ghe,seqnnd.gp;t¢q§§pequﬂofperimeter:or aird
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) penetratlcn seallnq had.neen.dane -so this provided an excellent

cppcrtunlty to test the effect the. extra.-sealing had on the:-
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suctlon_obpq;neq,qutﬁuq;;on was. detected, at the corners and-only
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0.2 in. WC:449.8 Pa) of fan suction was measured which was the
pressure- drop through ‘the floor opening. The fan suction was
monitored while the sealing crew proceeded to close the openings.
Little change was noticed until most of the wall joint and the
pipe penetrations were closed. As the fﬁnéf openings were closed,
dramatic increases in the fan suction were séen.” The installation
crew understood the need for cafefully sgéiindraiitopenings as a
. .result.of ‘this test.:This effort also éiévidedfﬁh%:basis fa; the

- strict quality control and quality assurahce pféé?aﬁ'instituted
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by Hunec. '’ o
.- - Every deck:was “tested whén it was sealéd and i1l plumbing
.. activity: was finished.: A separate crew ﬁérformed the téségﬁand
. repaired breaks in ‘the.-seal. A temporary fan depressurizéd the
.-crawlspace and the sub-fltor suction was measured. Sﬁ;uﬁgit that
.failed to draw at least 0.040°<4n. WC in“thé corners was éﬁgﬁked
for leaks and;reséalgd-before-adaitionai coristruction aétivities
., were allowed;to. proceedi~All- bulldings completed so far ha;e
5. yexeeeded ~the -requifements- “when' the"seall was compléﬁéd and a 6 in.

Yl-‘f.

fan.installed=3It may be posszble to reauce the power consumptlon

' .r“*:j 5 e
further .‘.’by ::add].nq:a:.— speed _.control to the fa
R oasii us cepEEsEy 840 LETLIBs
s ennl .ancizrocl lETAVER I AIRD 253 sammer srepraEEdd 8
¢ wg  melpsp mesc beS edesl L1BNE VES

tps RESULTS! .po B22.0- Zgss! 28 ,DELS

v, e NG anlv

- t.. nis therfirst drits Werd finished, “an’ ‘AB-5" Pylon r=don

monitor was used to chéék “for raddn ' in three unlté* a f nlshed

one with:an operating ‘mi¥igation ‘System, & 6ﬁf£'ﬁf€5wa'finished

. ~£1por which hiad been gealed ‘for I ‘week, and a third Qlt 'a'JJSt-

P

completed- floor: withou® *Fidal seallnq; No radon was found under

prom opAL % =
. i

-the-floor-in the finished tnit''nor -in “the mlthatlon 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 enocugh to elevate unmitigated units above
the EPA action level of 4 pél/ﬁjﬁeééiéé tnemséell of each house
is very tight and low dilution could be expected.

Acceptance testing of the first 130 unit section yielded
levels between 0.8 and 2.4 pCi/L except fof a single unit ;hich
had a carbon cannister reading of 16.d pCi/L. A check of the
system in this house found that the circuit breaker had been
turned off; consequently, the readingrﬁas really an indication of
the level that could have been expected, 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 Fffective quality assurance program was well
worth the investment. Retrofitting mitigation systems into these
units would haGE“beeﬁ;mucn more costly than-doing it during the
Sailding phase. o
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