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ABSTRACT 

We have done a detailed study comparing indoor radon 
concentrations among single family dwellings in Colorado Springs 
that were mitigated prior to the completion of construction and 
similar buildings that were mitigated after construction. There 
appears to be evidence which indicates that "preconstruction" 
mitigation is more effective at lowering indoor radon 
concentrations than "post-construction" mitigation. 

A total of 102 owners of single family dwellings, in two 
different areas within the city, agreed to participate in the 
study. Thirty-nine homes formed the preconstruction mitigation 
category (with 14 of these homes having only passive systems), 24 
had been mitigated after construction and the final 39, chosen as 
a control group, had never been mitigated but shared similar soil 
and surficial geological features with the mitigated homes 
(including distance to nearby faults). Eighty nine homeowners 
successfully completed the test. All of theses houses were 
tested over the same 48-hour period, under closed-house 
conditions, thereby controlling the variables of weather and, to 
some extent, occ~pants' usage. 

Ey analyzing the data obtained, we can conclude that there is 
a statistically significant difference in post-mitigation indoor 
radon concent~ations (as measured by simultaneous charcoal 
screening tests) between the preconstruct~on and the 
post-constr~ction mitigated homes. The preconstruction category 
exhibited t:.e lower radon average, although both mitigation 
categories had averages below 4.0 pCi/L. Such a conclusion could 
have an impact on current mitigation prac~ices, especially as 
they 9ercain to new housing construction. 

Esthetics, i~stallation costs and operating costs of the two 
mitigation techniques (pre and posc-constructicnl are also 
discussed herein. ,
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INTRODUCTION 

The purpose of this study is to . assess the relative 
effectiveness of · radon reduction methods in residential 
structures when they are utilized-after the home is constructed 
as opposed to when the home is mitigated prior to the comple tion 
of construction. It is hoped that the results discussed herein 
will provide information. for the building industry and .t ·hosa 

".agencies whicJ::l as!?'ist it 'i!} de'(e1oping appro~ches to mitigating 
new and existing home~. - · 

h ~ 

--. 
-This study was ~- conceived by .the authors when it was. noted that 

data collected from post-mitigation testing over the last three 
years were giving the indication that post-construction 
mitigation provided similar results to mitigations performed 
prior to the completion of construction. However, ·~ such a 
conclusiOn · was ·difficult ·t·o make due to' varying environmental 
conq_itions .. .. which aff.ected--·test results. Consequently; this study 
was .. designed to remove many of the typical testing variables by 
te~_t,_j,.ng all subject .. homes simul:taneously ··and on · tne .. ·same floor. 
As will be seen later, the hypothesis that .active :mitigation, 
wh~ther performed during o~ after construction, had .. essentially 
the sa~e results proved :to be incorrect based upon the total data 
obtained. · 

The study was conducted concurrently within two -different 
areas _of Colorado .Springs, Colorado, which we refer to ·a.s-· Area 1 
and Area 2. The two study areas offer a unique opportunity for 
comparison since they are both infill subdivisions where a 
significant number of homes have no radon mitigation system at 
all (Category 1) • .T.hese. unmitigated .h-omes serve as a basis for 
reference as to what'a mitigated horn~ ~ight have been if no radon 
reduction techniques had been used. Furthermore, these same 
areas had a relatively large. nu,mber of homes that; had ~been 
mitigated with active systems ( i .'e:; operating ~ans .. inst.alled) 
after · construction · (Category 2) _ana prior to the completi·on. ·o.f 
const:.ruct~on · (Category 3) . A' fourt:.h category was neces ·s-a~y~·to; 
distinguish betwe'en t 'hese·- horn~~ miti.gated. during con~t:.~u,c_tion : 
using active syste;ms and hotnes·:4sing .. only . caulk~ng, fl'!~!T\.b_r.9-n.e~ :· or 
sub·;..slab ventilati'on· without fans. In th.is'.' region, the.s.e ... latter 

::: . .:homes·:are ca!'ied:_ "radon ·re~dY" ' by tne .. authors· . ~ · - We~_:de:si:g:na·t:. ·edi. 
tl:i.ese ~ !:-a don ready hguses' i;~~ Ga t~_gory ~ 4 .. - ~ . :: : ~-:.. . ;. : ;c.. ~ .: :.. <. ,, :. F 

·•·. : •. ·- ~- .·: .~ .. ~ :. ' >. ~ :·. ·~ ,, ~·. ;~ : .. ' -~ ~- . ·. " ~·- : :- •• ~ ·- : • ·: ' ~- ~ -. ·_ : • ; :: : • •' • :. .- ~ : - • - : ~ r ' • ~ ' 

· .. - Hbmecwne~ part:icipa~i9~·( was.' vgluntar.y .a_nd -soli-c;,it e.d. OT\ .a. ::. 
. neighl::lot.Rcod-wiO.tF·ba~is tt}tq(tgh · he ~ two ~ approp_r-' ate h.5'me~wner ~ s 
-assod~ations, : t herefore no presefect~on ' c: ~icigacion ~ech~iques 
occu==ed. However, subseq1,1e~ t interviews .with P:a.r~icipant:.s 

:·- - inditat~d - th~t all - mitigated homes with active syscems 
(Categories 2 and 3) employed sub~slab or sub-membrane 
depressurization te~~niques as . the primary m~tigation met:.hod. ~o 
attemo~ haj - been ' made to determiri~ - ~~la~i7e-vent:.ilatioo ~ r~tes . 
wi'tlHn -- e st homes : .. . . .. .~ : : , .. .. . . . - . -

." :- ~ ~-

' ,. Homes C: fri Area ~ i.: were ~li wi.fnin i half mile· radius- "Yi1il~ .~ h<;>mes 
.:. 
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in Area. 2 were within a one-quarter mile 
both areas were custom homes, rangiri~,in 

_ square· feet of livable area. Most ·q_omes 
,. - basements. · : : . 7 : 

,0 • :JI' r -

-· -. .· ... - . ~ 

r~di~s.~ . ~£~:homes in 
size from - ~,000 to 4,000 
had- finished walk-out 

-: -~. ~ c.:. .. . ..... .. •. - • ' .. ... - . .. ~ . . .. 

Th~ ~number "6'f :homes initiaiJY. pal:'ti'ci'pati.n~-1n -·t-~is study ·fell into 
the four categories as noted in :TaoTe 1 ,below. The-numbers in the 
brackets, on this same chart, show the ' number of participants who 
conducted the charcoal canister test correctly and who were 

' ; 

subsequentl~ · used as our data ~~se . 
.. 

..... ... :.-' . 
..... ...... \ . _ .. ~ ... ·-

·: ~ ~ :: TABLE 1 .. : NUMBER "OF HOME;S E'.ARTICIPAT!NG IN. THE STUDY 
~ ... ,. : . -' - . 

Category 
• - :. () • • •• :1 .. ~r~?- .1 ,_ Area:. 2 Total 

. . . -: ~ 
1 -Homes~ never· mitigated - · · · ~< .... _ _ . , 2 6- ( 22) ~--
2 ··Homes~ mitigated after co'rist·ruct:idn ~ .. . - .12 .. ( 12) 
3 -Homes mitigated · during construction '19 · ( 15) 

' 
13 (13) 

:d . .2 ( 11) 
6 ( 4) 

4 Homes made "radon-ready" for future 10 ( 8) 4 ( 4) 
mitigation , . 

. .. 
. .._. - - "' 

- = -, ... 
:. ... . 
.. , ..... · .... ..:..·· :::. ~: . . . - - .. 

~ .:. · .; 

:.. . • .. . . . . . ,. _. . .. :. . -- :;~ : 'j: 
':: .. t:. £. . .. .. .. . - - . ! 

A 7pre~ious !: study ·· (1) :had al~~·ap'y_ -:sh·q..;~ .. c·o'irela-tions bet.~een 
c·ertai·n ·.cha-tacterl.·st-ics· ·o{ the· so'ils· ana geol.ogy' -of t .hese-_ tw.o 
area:s:. :and~ - tihe ·'iridoo"r ·· radon ~on~~ntrations" _·as ~easure.?:- -b.Y· · 
s:cree.ning - tefst~s".' Spe~if~~~~·ly;. h ~l~·yat.ed . ..rado_n::- conce.n~rations are 
p:r~d1.:Cted·::f.or -t'hese two· areas· qe<;al,l'se· of . ·low.~ shrink-§.we.:J.l. . . _ 

39 
24 
25 
l4 

·: cp·ot-e-nt'-~ar ( .indicaci-ng ·ve~y:- ltt;t ~$ ~'-clays) ~· and·. re ~~~A;vely r; h,i.g·!J.: · , 
:. ~:pe-rinea:o-rl;i ty· _:of, ·t:h_e~ :~o:J.l'· ?s. cte~etmi9~~ ·from th~ . :5? .~:1 !=or:ts~r:YP.!: ion 

S.e>r~-<:::e: :COUrft:'y Soi-1~--Surv~ys _-_ i~ t :. , 'fh~ ~- surf i5=ial=. g_e?l?gy ,_ 9f :: f?0~l'l 
areas is made up of rock " deri~ed'fr6~ th~ Pikes Peak batholith 
(3) which is kpown to co~~~~n~~·9 . ppm_ of ~~aniu~:- (41~~f~A~~ly, 
Area ·'2:.; i"S~ :k-nown:: ·-to: ·be r·e~<?-t~~~ly':.f;:Jq'se· to~. a"-:in~jqr . _;,~'?),;~ ~- ~Y.~t~m. 

':ThiS · f-a-et.:: i:s: .¥J·e1.leVed.;: to·' cont·t ib\1te -to enhancad. . rad0n - 1::rans-oe~r.. 
'; : . : . -. . . . .. ~. :- ~ . ~ ·:.. . . ~- : ~ . : :~· ~ : ~- : : ~ ; ... ~ :· ~- . ;~ .. ; -~. ~ ~- ·. -~ ·-< ~. . . -~· ; ~- ; ~ ; ::: ~ 

A mo:re · .p:tet:is·e· -b·reakaown :'of .. the. al;;>ove: characterisr. ics "-:f0~ : eac:J. 
o f the r. w o' are as > i s · a s to 11 ·o w 5· ! ~ : . : : ~- · .- ~ ~- · · - ~ : :· ,_ · :C .. : ... , ·~ ~ . -:~·" ~ .: . 

• ' ·- . ... ... - :. ~ - ~ ... _ --· ' -- ... . . . . . 
. Area i : -~ ~~i ha-s-· a low~ shri.:i:k-s..&e ll bot ~~t ial -~i ~\~ : ~ :. ~; ~ -~: ~ .: 

permeability .. of · 2 ·to 6 i·nches· ;of :wa·t;~r .per· hou; ~ The' s:urfi'aia~ 
geology is a Dawson Arkose with some Verdos ai'iu.vium - (bot.h 
dervi ved from the Pikes Peak granite) ._ :ne. ave;ag~ d_.:!::s~~P~ce of 

. ~~·these.::?'J:omes 't6~ a:: ma ]or fauit ~r-i· .:-i: 8 -Rm. ~" - ... , . 

( 35) 
(23) 
( 19) 
( 12) 



Area 2 soil has a low shr~nk-swell potential; also, with a 
permeability of 6 to 20 inches of water per hour. The .: surficial 
geology is Rocky Flats alluvium (which is also derived from the 
Pikes Peak . granite). The average distance of these houses from a 
major fault . is .75 km. 

Ignoring house construction details completely, the above 
characteristics would lead one to .predict elevated radon in homes 
in both areas · and . the higher permeability and closer distance to 
a fault in Area 2 would suggest even higher radon levels in those 
homes. These predictions will be seen to be verified when the 
actua.l measurements are discussed in the Statistics section, 
below. · 

TESTING METHODOLOGY 

. Radon Measurements ,Laboratory, housed at the University of 
Cdloradd~Colorado Springs, is a primary lab for the evaluation of 
radon concentrations using the 48 hour, four-inch, open faced 
charcoal. canister. These canisters are of typical design with 
approximately 76 grams of 8 X 16 mesh Calgon charcoal encased i~ 
a four-inch diameter canister, one-and-five-sixteenths inches 
high, covered with a 30-50 % open-mesh retainer screen : The 
laboratory has analyzed over 8,000 canisters over the last three 
years. 

Canisters are. read using a three inch by . ~h.ree .... inch .Nai (Tl) 
crystal housed within a commercial lead .·. shielct·: . . A 1, 02 4 channel 
MCA is used to look at the three most intense lead-214 and one 
bi . .s.muth-214 photopeak lying between 220 and 692 KeV. The minimum 
detectable activity (MDA) at the 3 cr level was calculated to be 
0.13 pCi/1 for canisters measured 3 hours after closing and 
slightly higher for the balance of the canisters. 

The usual quality assurance procedures were in place during 
this testing period with 100 % of the blanks being identified and 
duplicates above 4.0 pCi/1 all within the 10 % precision 
expected. The 2 crerror was 0.17 pCi/1 at 1.0 pCi/1 and 0.4 pCi/1 
at 30 pCi/ 1. This low error "!!~ :s.· maintained by measuring all the 
canisters (after equilibiating) the same day the test concluded . 

.. . : : :=- . ' :: 7~.'e ~· c:aniste;-s:_ . w~r~ deiiyei~d to -t~e _participants .by the 
.. autt-9~5 . ~ ·,l.ong ·;,.,ith a : detailed . instruc-tion sheet. The instruction 

. ~ : ~h~~f . a~gmented prioi phone conversations and further oral 
~irist=uctions at the time the canisters ·were delivered. The tests 
were all to begin on the morning of December 17th and conclude on 
the morning of December 19th, 1990. The canisters were placed in 
an ooen area in the basement (in most q:ases, -the .familY- room), · 30 
inches off of the floor in the center of the room. The canisters 

.. were . sealed .by th.e h.omeow_!'le..r -~n<i. _plaq~_d out..:sid.e for cpick--up by 
. .... ~ " -. . , .. 



the authors. Non~compliance with the instruc~ions, or failure to 
p,er~for~ _the test, led to 13 of the original 102 participants 
b~ing: dropped from the subsequent data base. ±his g~ve us an 87 % 

,co~pliance with the fairly stringent test · requJ,.remem~s. 

THE .WEATHER DURING THE TESTING PERIOD 

Since all _of the homes were tested during the same t~me period 
and the distance between the two test areas is only a few 
kilometers, the weather was identical for all houses. It is 
probably safe to assume, therefore, that pressure differentials 
brought on by outside temperatures, wind, surface conditions 
(i.e.; frozen soils) and atmospheric d~s~urbances were also 
simil.J.r. 

Nonetheless, it is instructive to review the climatological 
data for that 48 hour period because: the weather condit~ons wE;re 
clearly such as to promote an · honest screeriin·g test ·by :· 
discouraging surreptitious ventilation.· Table 2 below ··shows t)1,e" 
weather data from the morning of December 17th· · t~h-rough the 
morning of December 19th. Not shown: on this::;,t ;able is :.t":"he fact . L 

ihat the winds were gusty for a short time on the morning bf the 
18th, with a peak gust of 48 mph from the' northwest.:··· ~- : 

TABLE 2. CLIMATALOGICAL DATA FOR THE TEST PERIOD 
... 

Date."':· temp: (.!).i g.n.' and · low) - - pressure - winds precip i tat i on 
.... ~ . 

·.1.: .. Pec:;: . ~ 7 ... 
Dec 18~ - . 
Dec 1- ~ 

JOOF 
.. 49°F · 

.. _ _ .. . 2 7°F 

l79F . 
170F 
21°F 

' ... . . . . . .... 
t ••• I' .t... • --: ~-; .... _ .. 

. ' 
. . ....... ·-· 

: ! . : ... -

~: 29.78-l.. 
29 .-6-2 ~ 

... ·•. 29.:60 ~ 

- :.. ... ~ "" ....... 

... · - .. - .-

.... ' ...... _ · -

·· ·· 8 :-2mph .. · 
: ·10:. 8mph ... 

- · · 8. Omph ~ 

li'ht , ..... g 
.... -none 

lig~~ 

~ : .. i ~ . : ... . 

r ~ .:. : ••- ·- • 

.......... ;-' .. ~-:. - .: ·.:.· : :. ;;- ~-~: 

. ....... I • •'•,,.., . ~ . - .. .~.; 

snow 

snow 

7~i~ sec':ion is in two par~s. Fi r st , ~he raw d~~~ - ~i~~. b~ _ p re sented 
in hi~ togram for:n . for :each . €£ea . sepa rat e ly ana:_ ~l:~h. _1:;>9t'h' Q. .r~~s : 
corr.b i-n~d. Second, the·:·. re-s·ure-·s ··O"f: ·the ': c ..:t·e s t s =- ( t es t.:.ng · t---e ~ m~?.n s ~ of 
;:·"o !'L'pula":ions · to see if t ·r:e poptila ti6ns ·-are · t.he ... saiJl~ · 6~-: ~~~fi;dentl 
·.-~il:~ ~' e . giv·en aft.er ·eath .. hist:ograrri .' · · ·· ., ~- .. .. : ·· --: _- ·:: .~ 

' ~·. _·; , . •• - · • • • u. ':: ~- •• -- .... 

,,c.,-;: -- c . 
.- -- . .. . - . 

RAW. D:::'..T·A I:: .. :!USTOGRAM ;.fORM ; · .. :-:-

.; • •• .J.".• 
I • •r •~ ... •• I" - J . .,.~ -.. -' - . ... . . ... -

. . I i .--: .:~- .... :. 
-:-. ~: -~ ;_ .3- .. 

f i"9u:r.e- l' b:e lo·..i: c:ompares tn:-e -~ildocn:· :radon '"con cent r-'a ~ i'a;..s ·~a.s r. me'a'sured 



dur~~g the testi~g period :~ Area 1 with the number of houses having 
a par~~cular radon concentration. The black oars refer ~o those 
houses whic~ were never mit~gaced (Category ll and the bars with hash 
marks withi~ them refer to houses which have passive systems only 
(Category 4), the so-called "=adon ready" homes. 
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: igure 2 above makes the same comparison between ·number of houses 
and radon concentrations in Area 1 only using houses mitigated after 
construction (Category 2) and houses mitigated during construction 
(Category 3) . 

Ccmparing Category 1 and .Category 4, in Area 1, and using the null 
hypochesis that the cwo cacegories represented the same population, a 
t-~esc was performed. The t-~est, with a e value of .017, tells us 
chat t~e two categories are indistinguishable. It would appear thac 
~radon ready~ houses have the same radon as unmitigated houses. The 
statiscics are given in Table 3. 

Comparing Category 2 and Category 3, in Area 1, and using the null 
~y~oc~esis t~ac the two cacegor~es represented the same population, a 
s!~gle tailed t-cesc, with at value of 2.416 indicates chac the two 
populacions are indeed dif:erenc at the 95% confidence level with the 
houses mitigaced during cons~:~ction (category 3) having the lower 
radon ~ean. The statiscics are summarized in Table 3 

Figure 3 below compares the indoor radon concentrations as measured 
dur~ng the testing period in Area 2 with the number of houses having 
a part!cular radon concentration. The black bars refer to those 
houses which were never miti;aced (Category 1) while the bars with 
hash ~arks within them refer to houses which have passive systems 
only (Category 4). 
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Figure 4 compares the indoor radon concentrations in Area 2 with 
the number of homes at a particular radon concentration. Here, the 
black bars refer to homes mitigated after construction (Category 2) 
while the hash mark bars refer to homes mitigated during construction ~ 
(category 3) . 

a 
Area 2-Catagortas 2 and 3 

(J2 • Category 2 w ~ Category 3 :! 6 
0 
~ 

""' 0 4 
a: 
w 
CD 
:& 
::l 2 z 

Q1--~ 

o.2s a. 751.25 1. 75 2.2s 2. 75 3.2S 3.75 4.2! 

pCl/1 

Figure 4. Radon in -homes in Area 2, Categories 2 and 3 

Comparing Category 1 and Category 4, in Area 2, and using the null 
hypothesis that the two categories represented t~e same population, a 
one-tail t-distribution, with a t value of 1.304, seems to confi=~ 
the null hypot!lesis. That is, as in Area 1, "radon ready" homes have 
the same average radon as do unmitigated homes. The statistics are 
shown later in Table 4. 

Comparing Category 2 and Category 3, in Area 2, and using the null 
hypothesis that the t~o categories represented the same population, a 
one-tail t - tes~, ~ith a t value of .091, seems to confir~ the null 
hypothes is . That i s, homes mitigated during const ruction have the 
same average =adon as do homes mitigated a=~er ccnst=uccion. rt 
should -be menc~oned that the small number of homes (only 4) in 
ca~eqo~y 2 make -· is conclusion :ar : rom c~r~ain, although 
statist~cally :ustified . 7he statistics are shown later i~ Table 4. 

f i:tall:,;, the data from the t•,...o areas is combined, t!"lereby making 
any conclusions more general and, because of t!le la~~~= numbers 
involveti, · more convincing. We begin-by showing a · ~isc~gram of the 
combi~ed d ata, :ategor~es land . in figure 5. 

- - : : -:. -
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:igure 5. ~adon in al~ ~~e homes combi~ed, Cacegories 1 and 4 

~<Jhen ·.-~e ccrnDl.~e all the data from both areas, ·.-~e can also compare 
radon levels i~ ~omes ~hie~ were mit~gaced during const=uccion 
(Categor: 3) and homes ~itigaced afte::- ccnst=uc-:~on (Categor:r 2) . 
Th~s comparison ~s given below i~ figure 6. 
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: Comparing unmitigated homes (Category l) wit~ "radon ready" homes 
(Category 4) in the combined data, and usi~g the null hypothesis that 
the two categories really represent the same population, a single 
tailed t-test with a t value of . . 987 seems to confirm the ~ull 
hypothesis. At this point, .it seems safe to say that "t'adon readv" 
homes are no better at reducing -: 'adon concentrations than are -
unmitigated homes. The statistics are shown in Table 5. 

A last comparison is now made. This is comparing houses mitigated 
during construc~ion (Category 3) with houses mitigated after 
constr~ction (Category 2) with all data combined. Again, the nul~ 
hypothesis is that the two categories will represent populaticns. · . .;ith 
similar averages and standard deviations, i.e.; that it makes ~d 
dif!ere~ce in indoor radon l eve l s i f a house i s mitigated duri~g or 
after construction. This t ime, it is probably safe to rejec~ ~~e ~ull 
hypothesis because a single ta i led t-test i ndicates that t~e t~o are 
separate populations at: t he 98% confidence level, with a t value of 
2.059. :~e statistics are shown i n Table 5. 

To show the effectiveness of the radon ?revention measures in the 
three mitigation categories, a final histogram is presented . ?igure 7 
compares :.he .average of each of the C:ltegories ·.-~hen all of :.:O.e dat.::. 
is combi::ed. - -
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DATA REVIEW 

After recei~ing the questionnaires and the exposed canisters, the 
authors found several conflicting comments regarding descriptions of 
the type of system installed. Consequently, a combination of 
participant interviews, site visits and construction files were 
reviewed .to verify which categoti each house really~elonged within. 
All mitigated: houses were revieWed ii-~his mariner which yielded some 
additional insights for this study: · · · · ·· 

1) Several new home owners were under-:the impression that adequate 
systems had been installed in their homes by the builders. Some of 
these systems -turned out to be only barrier techniques -(sealing or 
sub-concrete poly!thylene) . Perhaps more notabl~ were homes that had 
sub-slab perfora~e piping systems that were stubbed up in the 
basement (most were sealed and one was open into the home) . As an 
interesting note, this survey was the first time some of the homes 
were tested after occupation. For the purpose of the study, these 
homes were moved into Category 4 with Category 3 retaining only 
active. sub-structure depressurization systems. 

2) Two homes had utilized a .sub-con'crete mesh system where all of 
the ·rest of the survey .utilized foundation drains or a combination of 
foundation drain and iriterior pipin~ approaches for negative field 
propagation. These two homes were more than twice the mean·of the 
other existing homes . . Inspection of these homes indicated that the 
problem was not necessarily with the membrane, but rather with the 
installation. Fans were installed inside with extensive positive 
side piping. Non-standard fittings were utilized, which discharged 
beneath windows and near dryer vent openings. As the purpose of the 
study was to distinguish between during~ and post-construction 
techniques as they are actually being installed, these two houses 
were maintained in the Area 2 data pool. The balance of the 
mitigated properties were carried out by the same RCPP listed 
contractor. Although it is not the purpose .of this paper to 
distinguish between installers, it reinforce~ the need for proper 
training of ~hose involved in radon mitigation. 

I 

3) Some hom~s which had active mitigation systems installed, after 
construction, · had inope~able fans. These homes -were moved to 
Category 4 ~ipce the auihors felt th~t they ~epresented a passively 
vent ed syst~·m,; as_ . in a "radon ree3J9Y " approach. At this time, no 
attempt has : be~~ . made t~ " distin~uishlbet~een barrier versus passive 
systems. As f.a~ '·"i£1-teresting sid€' l ight ,'··one homeowner insisted that 
her system w~s ~ope~a~ing becau s ~ i t ~as\ndt. unplugged. She was only 
convinced when .. ;/she · inspec~ed :\=h_e .. f~n t:,.':'.Th.fs system was installed 
three years ago 'be.fore t~e. presenL EPA'.mitiga~ion guidelines 
requiring ce~~ain operati~g indicators for the homeowners were 
developed (5')': ·... · ·· ... ·· 

' .. ... ,.. ,:. 
RESUL~~~OF THE STUDY 

- ... . 
What .{C;i'f'{6;,.;s f~'O ~.: ct.i.scuss.£-ori o-:f·'ea<::h .-.a;_te.a separat:ely, ~ -q_~l:_ffi.i?at:.ing 

- ·: :-; .. '! ... - I_ :-

•' 



in a discussion of both areas combined ·. · However, it should- be kept 
in mind that because of ·the smaller data base of Area 2, conclusions 
based upon this smaller data base may prove to be less convinci~g. 

RESULTS FROM AREA 1 

A comparison of the mean radon l evels listed in Table 3 clearly 
indicates thac mitigatiori during or after constrtiction had beneficial 
effects. In fact, the means of both Categories 2 and 3 were well 
below the current EPA guideline of 4.0 pCi/L. As these were 
screening measurements taken at the lowest living area, current 
approaches would recommend no further action by the homeowner :( 6) . 

, TABLE 3. RADON LEVEL ME~~S AND STANDARD DEVIATIONS FROM AREA 1 

Category 

1 
2 
3 
4 

·~ 

Description Number 

Unmitigated 22 
Post-construction mitigation 12 
During const~UGtion mitigation 15 
Radori ready 8 

Homes that were mitigated during coristruction 
sub-slab sys~ems (Category 3) outperformed those 
that were installed after construction .· (Category 
conclusion is based on a one-tail . t-distribution 
confidence level.' ' 

Mean 

9.8 
1. 94 
0.78 
9.77 

Standard 
Deviation 

5.26 
1. 7 2 
0.64 
6.63 

with active 
active systems 
2) . This 
at the 95% . ··~ :- .. 

. ' . ~- ·~ 

. , .. . -
oH6mes.that were built with radon ready systems or had, 

, ~oassively .vented systems sh6wed ·statistically no benefit~ over~.: 
· homes t:iaf · had no mitigation work ~:done.:: .. . 

· ........ ~ ;' . . . 
. ... . 0 • -. -

?,SSUL':'S E"?,Ot·! ! ... REA 2 

.. ; - • 0 

: 

As Nas se~n in Area using unmi tiga t ed houses as reference 
·· ·-(Cate'dorv 1) , mir..:.cat:-..:.on 'f'lhic~ occurred during o::: after const :::'..lc ~ ::. o n 

s .. o\.,re d s-ian.i. : ic.=.nt · beneficial r~ductions. Add..:.t.ionai1 •, , -· both- -t.~e 
;ean ()t' ·c-~ceqor·:. e s 2 and . ~ were well below r.he c':.lr :-ent:. · sc:-e_en ac:.:.on 
2.evel o _- 4. 0- f?~-i / L (TJ.ble ~ :4) . 
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·T~LE 4, ~0~ . LEVEL MEANS AND STANOARD pEVJ;ATIONS FROM AREA 2 

Category 

1 
2 

· 3 
· 4 

Description 

Unmitigated 
Pos~~construction . mitigation 
During constructi6ri mitigation 
Radon ready 

Number 

13 
11 

4 ... . - . 4 ' 

Mean Standard 
Deviation 

16.57 ± 8.39 
1. 43 0.86 
1. 49 1. 74 

10.27 8.71 

Homes that were mitigated dtiring construction with active 
systems (Category 3) did not show a statistical difference from 
those homes that were mitigated af~er construction (Category 2). 
This result is certainly differen~ from ~hat obtained in Area 1. 
This may · be due to the smaller sample volume and the effect of 
the non-mitigation guideline homes. · One · might' also speculate 
that the higher soil porosity in Area 2 allows equal propagation 
o.f · a ··sub-slab negative pressure field regardless .of the use of. a 
perimeter drain system (Category 2) or a perimeter drain system 
plus a sub-slab pipe network (Category 3) • ' · · 

Although the mean of radon ready homes (Category .. 4) .. in Area 2 
was lower than non-mitigated homes (Category 1}, no :statistical 
difference can be demonstrated. · Therefq~e, t.he·- coric;lusion for 
Area 2 is the same as for Area 1 iri "tfiat·no ~e~~ction benefit was 

. ___ ... ___ §_~~!1 on radon ready installations. ·. ·; · · -
·-~ -· -- .. ·----- -·- . - - .. .. _. -· .. ..... -

RESULTS FROM BOTH AREAS COMBINED 

In· .order --to better - an~":"er the question that served as the 
h}"potnes is. for this. paper., both. data sets were· ·combined. This 
approach· can be j~stif~ed-d~e- t6 similarity of ho~e cons~ruction, 
unmitigated ~Ev~ls ~n~ s~il-~y~~~ :. The.6nly ~iffetenc~ noted, 
however, was slightly different- ·soi1 porosity. The comments' made 
above regarding unmitigated homes (Category 1) "with re.spect to 
mitigate:d: home.s ·. (·Categorie.s 2 .. ,c ,3 and . 4 ). z::ema~.Q ,the same when the data 
is: comb:ined:~:: That .. is,; -anv. act-iv~.-. mitigat.ion .. system· is ·· beneficial and 
no benefit was der"i ved -fr;m. :ra-don ·· r~eady · .. fio.rnes . {See. Table ·s ·~below) . 
. . . ·' ' ... . .. ~ - .,. . - '· ~ ~. ': ... .. ~· (. . .. . _; ~· - :...- . .:. ~-. :, ':~ -;~ :-: .~ 

TP..BLE 5. RADON LEVEL MEANS AND STANDARD DEVIATIONS FROM BOTH AREAS 
.. - . :- - .. . .. --

Car.egory Jesc=iption Num.Oer Mean Standa=d 
~ :: - :. -· . E .c_ ·.. • • -

Deviat.:.:;n 
. ... .. :. 

. . .. . . - .. .. :: ·: . . -..: ... - . 
' .: F-- ~ ?"" ' ,....; • • - ;..: • ... ~ .:. : .: : ~ .. ·: ;:. 

~ :~1~~9~~ i; :~· ~ }·{ >}~~_:· ::~ ·, ~ 
3 
4 

.. ... :Jnm-~ ·l.aate~_·· ~· "" ~-·. : .... 
?os~-c;nst=uc~i~~ ;iE i~~tiph ~: 
Duri~g construct~on mitigatic~ 
?.adon ready 

. -- ·· 

0. 93- ... 
12 9. 94 

7.28 
1 . 3'7 
0.96 
6.98 



When all data is combined, including the anomalies mentioned 
earlier, one _can . d~~e~~ine st~tistically that systems installed 
during construct~on (Category 3) outperformed systems insta ·led 
after construction (Cate'gorv 2 ) . Categories ·2 and 3 are twcr 
distinctly differe~i~opuia~~ons as verified by the .~ne-t~i~ 
t-te·st .:at _-,the . .. ~8% confidence. level. 

, . IMPLICATIONS OF RESULTS -_ 

It is_ interesting to note that the existing homes -that were 
mitigated after construction (Category 2) had a mean screen±ng 
result _of 1.70 pCi/L ± 1~4d. - Although this is at a level below 
the current EPA action level of :4.0 .pCi/L, it ' is ~ight at 
contemplated values for he new proposed gdideline _of · 2 :0 pCi /L . 
(Ref 7). Although it is reasonable to ' assume upper 'floors of 
these homes- would be at . lower concentrations of radon, it should 

, ge noted ~hat due to terrain and architectural plans, many of 
these lower level floors contain family rooms and bedrooms. The 
adoption of 2.0 pCi/L guideline for living areas may be difficult 
to consistently achieve with mitigation techniques observed in 
thi~ study. 

Similarly, the homes that had active mitigation system 
installed during construction exhibited a mean result of 0.93 
pCi/L ± 0.96. Within one standard deviation all of these 
Category 3 homes would exhibit screening levels beneath both the 
existing guideline of 4.0 pCi/L and the proposed guideline of 2.0 
pCi/L. 

T e overall mean of new home constructed with active systems 
(Category 3, mean 0.93) would lend partial credence to the 
(Option 1) prescriptive approach proposed in the draft model 
standards for new buildings. (Ref 8) . However, the approach of 
not requiring, or not emphasizing post-occupancy testing may 
result in not identifying improper installations, as this study 
did. This may, on the other hand, speak to proper education of 
installers and the extension of the RCPP program to home builders 
as ~ell as specialty radon mitigation sub-constractors. 

The inability to distinguish between "::adon ready" systems 
(Category 4) and non-mit~gated homes reinforces t~e need =or 
test~ng within 30 days of occupancy for a non-ac~ ivated radon 
ready tome. This is refer::ed to as Option 2 of the Draf~ Model 
Standa::ds for .lew Bui l :::.~::gs. :~ r:herrnore, :!:-.e ==-~st.:l':.s ,]: 
Category 3 indicate t~e abili-y eo reduce levels to below 2.0 
pCi /L once the radon ready s ys~em is made acti~e by addition of ~ 
fan. ~t would be pruden~ ~o emphasize testing a=ter actuation of 
the system fan for the same reasons as indicated above. 

Homeowners' understa~d~ng of proper system operation was 
inadequate in some cases. Interviews with part~=ipants i~dicated 
little information was passed on tram pteviou~ ~cmcowners or 
building contractors. :~~s cc~~ent is more per~inent wit~ 



.respect to homes which were constructed ·with ·radori -ready systems. 
!n .. this ·c.'a"se, some h_omeo.wners felt that a complete system had 
b-ee-n inst-alled. · This can ·be dealt with ·either : in a regulatory 
manner or perhaps a greater empha·sis can be placed on the present 
Radon Contractor's Proficiency Pr-ogram and particu·larly -the 
Mitigation Guidelines (5) . 

The data made available from this study will, with further 
evaluation, offer opportunities to assess differences between 
;iner _point...s of mitigation installations. A more detailed review 

=.of homes .. in Categories 2 and 3 that fell . outside the standard 
'4eviatiozl' ';d:ec ,the mean can be_ made· ;to as'sess these installation 
differerice·s .-- A comparison of individual results to soil porosi-ty 
and :soil . ga• measure~ents ~an als~be made in order to assist in 

· developirlg _ ~:predictive model, ~t -least for this geological area. 
. :· ·- _. ::. "~- : - '. ,; " . . . ' 
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