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ABSTRACT 

The technique to quantify the potential for pressure-driven entry of 
soil .~~.as and radon through house surfaces in contact with the soil i.s ev:i.l11at­
~d f0r six New Mexico houses ~ith slab-on-grade floors. Flows. pressures. and 
rado11 c oncentrations were measured through test holes in these floors while 
rhe '"'uses were mechanically depressurized from -10 t·o - )0 P.:t . Soil and 
s ubstructure s urface resistances. and soil gas and radon f:ntrv potentials were 
ca.LL·1il~1ted for each test location. These data support ea.rli.er 1\ork in tour 
base111c>nt houses in New Jerse:' that showed the soi.ls sun:ounding a building's 
substnicture <1re many times mon' resistant to soil gas movement t·han rhe 
substructure surfaces themsel,·es. Locations along the perirnetf-t' of the slab 
FL001·s had soil gas entrv potentials approximately 40 times ~reater and radon 
<:ntn· potentials approximately LS times great<=t· Lhan locations more c entral to 
the slab. Mean radon entrv potentials for a house were found to be a satis­
fact o l' v indicator of t hf: a vE·r.:.r,e indoor radon concentrations dttring the 
heat i 11b season. The radon e nt n· potential data were als o u:;eful i.n the design 
and 1•L1cement of subsurfacE- depn·ssurization radon mitigation s :: stems in thcsf' 
hous<",.; where s\·stem I ocations rhat are accr-;pt.able ro rh e home01.-ners dL·e 

limitvd . 

OVEI{\' IC>: 

l·"c1r both scient. if i c and rt·actical "i:easons. it is i rnpon~1nt to be able ro 
chaLh'terize the convecti\·e t] ,) i,..· of soil gas and [adon through the s ui:-rounding 
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soils. materials, and constructed surfaces of individual buildings. Informa­
tion on this movement can improve our understanding of the basic physical 
mechanisms at work in and around actual buildings. It can also provide 
guidance on the selection and design of techniques to reduce radon levels 
inside buildings where elevated concentrations may pose an excessive health 
risk. 

A technique developed two years ago by one of the authors (l) quantifies 
the relative leakiness of substructure surfaces in contact with the soil and 
the resistance to soil gas movement of the soils and materials around a 
building. The technique also has proven useful in guiding the placement of 
subsurface depressurization (SSD) radon control systems. The objective of the 
technique is to develop entry potentials for soil gas and radon at various 
locations in the substructure surfaces assuming that the detailed characteris­
tics of the substructure surfaces and surrounding soils cannot be known. 
Interpretive and measurement methods are based on the procedures of research­
ers investigating the radon source potential of soil (2,3,4) and the pressure 
fields created in the soil around houses (5,6). Entry potentials were 
originally evaluated in four New Jersey (NJ) houses with basements. In this 
paper. the technique is examined in six slab-on-erade houses in New Mexico 
(NM). 

DEFI:;-r:ic SOIL GAS AND RADON ENTRY POTENTIALS 

For many existing buildings it is impossible to know the specific 
details of the usually complex and non-uniform structure construction and 
underlving soils and materials. Consequently, a complete understanding of 
soil gas and radon movement around and into a building is unattainable. 
Similar to the work of others (7.8). a steady-state lumped parameter modEJ 
seeks to simplify the building/soil system by substituting a few simple 
~lectrical circuit elements fur the many detailed structure and soil features. 
'.-Je :tssume ttrnt at each soil gas/radon entry location the buUJ ing ',·ie1,o;s' an 
;1ggre£:dtion of the network of pathways through the local cracks. f',aps .. rnd low 
and high permeability regions in the below-grade soils. materials, and con­
struction features around the substructure. Likewise. the entrv location 
itself is affected by nearby imperfections in the substructure surfaces. If 
air flow through all of these materials is laminar. a direct current electri­
cal :rn«log may be applied where air flow is represented bv elecn-ical current 
;md p·essure differences hy ,·oltage drops. :\tea.ch test location we cl·eate a 
series circuit hv s11bstituting an effective rrsistor for the complex network 
nf resistances in the surrn1inding soil and a11ot·hel- rf'sistol- for the suhsrruc­
ture surface. rhe negative pressure found in the building is s11hsti.tured bv a 
battt'n· (see Figure 1). Other reseci.rchers have developed l11mped parameter 
mocif-ls to more ci.ccuratel:v· r0presf-nt the transi,-nt condit·ions of ;-;n iictual 
buil,:i:;g. (lJ). fhe circuits in tht:·se models irwlude ce1p<1cito1-s - 1,·hich 1,·ould 
i11,-01,·.:-· lnnger-IL'rm. more complex (-Xperiment."ll procedun's. 

-~0 det·ermi!1L' t:hO V<11ULS ot the Circuit f"•,ll"Llmtdt:'LS. d lt>Sl !tole LS 
dri l ! ed through "' substructure surface. '.-Jhi lL' r-he neg;1t i.ve prL'SSLlrt' in the 
hui. lding is mechanically enhanced b,· a blower. the p1:Pss11re d ii'ference (.6P. 
"voll<i!;l:' drop") across th<" sealed test hole is measured. The measured AP 
depends on the resistance of the substl-ucture surface U'lati.\·e to the l."esi.s-
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(a) 

RF-EFF RH 
(c) 

(b) 

Rs-EFF 

Figure 1. A simplified electrical circuit is shown that substitutes for the 
resistances to soil gas flow through the soil and substructure materials. 

tance of the surrounding soils. A ratio of these two resistances, Z, is 
1 defined as 

z PHC 

Psc 

VHC 

Vsc 

I Tc:RFC-Ef'F ; 

I nRsc-F.FF 

RFC-EFF ---- , 
Rsc-EFF' 

[ l] 

where (a subscript "C" identifies the condition with the test hole closed): 

Pa (Vs) = 

PH (\"H) 

Ps (\"s) 

QT (IT) = 

Rr-£rr 

Rs-Err 

measured pressure difference (or "applied voltage") between inside 
of house/substructure and outdoors. point a to c (Pa). 

measured pressure (or 11 \·oltage") drop across open test hole and 
flow adaptor. point a to b (Pa). 

calculated pressure drop across soil paths between point b and 
outdoors (c) wi~h test hole open. P8 - PH (Pa), 

defined total flow ("current") through cracks, openings, and test 
hole (m1/s), 

calculated effective resistance that lumps resistances of cracks 
and openings in substructure surfaces and resistances ,of near­
substructure materials surrounding the open test hole (Pa-s;m1

). 

a~ 

calculated effective resistance of soil paths to measurement point 
b with test hole open (Pa-s/m1

). 

Typically, a low resistance (leaky) surface will cause a smaller OP to be 
measured across the sealed test hole. To determine the effectiYe resistance 
of the surrounding soils, the air flow through open test holes is measured. 
Because the test hole is not a perfect short circuit -- soil gas continues to 
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!Jass Lliruugh nearby cracks and openings in the substructure surface -- the l'iP 
across the test hole is measured with the test hole open. Assuming that 
Rrc-Err "' Rr-EFF and Rsc-Err "" Rs-EFF• then performing circuit analysis and substitut­
ing analogous air flow and pressure parameters, Ll1e effective soil resistance 
is calculated from 

Pa - PH (1 + 4) 
OH 

Rs-EFF = [ 2) 

where QH (IH) = measured (corrected) flow through open test hole and flow 
adaptor (m 3/s). The effective resistance of the substructure surface, Rr-r.rr. 

is found from Equation [l]. 

The entry potential of soil gas at a test location. G (m 3/Pa-s), is 
proportional to the soil gas flow through surrounding soil and materials and 
nearbv c racks and openings in the substructure surface. It is defined as a 
net conductance: 

G 1 [ 3] 
Rs - P.FF + RP- F.F!" 

The radon entry potential. E (Bq/Pa-s), is defined as t:he mass trans fer 
of radon in the soil gas near the substructure surface. C ( Bq/mj). with the 
pressure-normalized flow of soil gas into the building: 

E = GC. 
[ 4] 

Thus, if soil and subsurface effective resistances are low, the poten-
tial for soil gas to enter a building is increased. In addition, i.[ i·ar:ton 
levels in the soil gas are elevated, then the potential for radon to enter a 
bui] ding through an area near a test hole is also increased. The tc>rm 
'potential', used to define soil gas and radon movement into buildings. drws 
not l."<'fer to electrical potential. Instead it is a more ca sual te1·m fo1· tilt­

possibility, or capability. of soil gas or radon to e nter near a p<HticuLir 
test location. 

DESCRIPTION OF HOUSES AND EXPERIMENTAL PROCEDLRES 

The six New Mexico houses t:hat were studied for thi.s pa pee ;irp I oc;i.t ,,J 
in ot- .1round Santa Fe and ALbuquE-rquf-. They are part of a11 ei.ght-ho11se 
L-t'.Seil.ll'ii f-ll'oject in New He:dco investigating radon <rnd tho1-011 0111n· <1nd 
c ontrl)I. All si:-: houses ;1rE' single stor'/ and have slab-011-grade constructinn. 
Typic:1 I Lv. the sl <ib f Loo rs were poui-ed over compacted existing soi. I . a 1 t:hot1.'·.li 
fill 111:irerial containing somC> t,rc1\·el was used in part l)t 011e ho11se ( ·\Ull1). 

r.:xis1i111~ soi.ls t·ange Et-l)m slishtlv vxp;msive clays to coarse .•;a nt.Iv loam witli 
rock t1'.1gments. ;.;here t·he slabs <tn.0 e:{posed. hairline c1-acks are oltln 
,·isibl, .. 1lthot1[,h rnosl slabs <ffE" C<lvered with carpet. linoleum. ni- ti IP. \I 

least ,111e house (T II+)) appf-ars to have a monoLLrhic (dnw11t11r11) "ldb. ·..ihilf.· the 
remai11i11g houses h;ive floating slabs inside of concrete block ln p<lllt"Pd 
concrC't e stem walls. In e\·ery house lmt ;'\L04. extensive cracks (up to LO mm 
wide) ,•xi st rilnne; the perimet·er at !he slab/st0m wall boundary. These cr.qcks 
.lre sometimes aggravated bv stvrofoam insulation panels placed vertically un 
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the inside of the stem wall. Horizontal sheets of styrofoam insulation were 
found directly below the slab along the perimeter walls in other houses. 
Plumbing services are always routed below the floor, as well as forced air 
furnace supply ducts in some houses (AL02, AL03, and AL04). 

EXPERIMENTAL PROCEDURES 

From five to thirteen 16 mm (5/8 in.) diameter holes were drilled 
through the slab at accessible locations in each house. The holes were placed 
to be accessible to the researchers, to avoid sub-floor services, and to 
satisfy the aesthetic requirements of the homeowners. By comparison, approxi­
mately 30 test holes were drilled through the surfaces of unoccupied substruc­
tures in each New Jersey house. A blower door fan was used to mechanically 
depressurize the houses to approximately -10 Pa and -30 Pa. At each test hole 
radon grab samples of soil gas were collected first and then air flows and 6Ps 
were measured during depressurization. The enhanced depressurization mini­
mized environmental influences and increased the magnitude of the flow and 6P 
so thev could be more easily measured. 

Radon grab samples were collected through a filtered sample train into 
evacuated 300 cm 3 alpha scintillation flasks. Alpha activity in the cells was 
counted after a 3-hour delay on a portable counter/scaler (Pylon Model AB-5). 
Uncertainties with this technique are estimated to be ±20%. 

Pressure differences were measured using an electronic micromanometer 
(Neotronics Model MP20SR) with a minimum resolvable 6P of 0.1 Pa with a 
specified accuracy of 1% of full scale. All 6Ps were measured with the house 
as reference. Pressure differences were first measured across the slab at 
each t est hole with all holes sealed, P~. Then the 6P was measured across 
the op1.'ll hole with a flow adaptor in place, PH. An alternative approach v.·ould 
be to calculate the 6P across the open test hole using a standard engineering 
formul.1. The ilow adaptor is used to establish uniform flow and pressure 
measu1·pment conditions at each test hole and is slightly modified from the 
adapt 01· t1sed i 11 the New Jersey houses ( 1). The adaptor is a 0. 3 m ( 12 in. ) 
long metal tube with an inside diameter of approximately 10 mm (the outside 
diamer.:r is 1/2 in.). A small diameter (3 mm. 1/8 in.) static pressure rube 
runs ;dong the inside length of the adaptor to sense pressure at the end 
plact"d into the test hole. A fitting into the side of the adaptor allO\\S i.i 

hot wire anemometer probe to be inserted into the air stream within the 
nclaptl1l'. Flo\\' i·at:es less than 0.015 m/s (3 fpm) could not be reliablv 
mea sur,' d on the Hastings Model B-22 hot wire anemometer. Calculated fllW 
t l1i-ciu:"11 the dddptor could be in error by as much as ±50%. 

RESULTS 

!'.ii a fJ·o111 this studv of \, w :·le:-;ico houses are shown in Tdblt-s L. _;ml 
11 anci in Figures 2. 3. and 4. 1-:ffect.ivP i-esislances anci entry µotenti.'iis 1.:<='1·e 

c:ilcul.it'('d 11si11g Equations : 1 th1:ough i 4 l. 'v-:lwre measured flows ;rnd r:·t0 s­
sures 1;t-re less than the d€'tection limits ot the i nstrumentation. \·,1l11es oL 
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appr.uximaLely half the detection limit were substituted into thE· cal cu] ati ons. 

The summary in Table 1 includes statistics for both normal and lognormal 
distributions. However, since cumulative probability plots of the data 
indicate that the data are most closely approximated by the Jognormal distri­
bution, subsequent tables on1y present the geometric mean (GM) and geometric 
standard deviation (GSD). Aggregation of the test locations under one 
statistical grouping (as in the first grouping of Table 1) can be misleading. 
These summary statistics for all test locations at all houses or for one house 
alone are not a true average representation since the test holes were not 
randomly located or spaced to include the entire floor area. 

In Table 2, data are presented from the earlier New Jersey study. Since 
the method of flow measurement was slightly different and the ~P at the test 
hole, PH, was calculated rather than measured, the data may not be exactlv 
comparable to those in this studv. 

DISCUSSION 

SUBSTRUCTURE. REGIONAL, AND TEST LOCATION COMPARISONS 

Table 1 summarizes the entry potential parameters from the -10 Pa 
depressurization test at the 48 NM test locations. The GSD for all data is 
large indicating a very large range in the value of the parameters. By 
examining the GM for the soil and surface effective resistances, it is 
apparent that the soil surrounding the houses is from 5 to 13 times more 
resistant to soil gas flow than slab floor surfaces. This is consistent with 
the earlier data in the NJ houses (Table 2) which show that soils were between 
two and six times more resistant to soil gas flow than the substructure 
surfaces . The GM soil gas entrv potentials for the NM slab-on-grade floors 
tend to be higher that1 fuL Lhe NJ basement floors. possibly due 10 more 
permeable soils surrounding the NJ houses (although data ~n soil permeabilitv 
a.re not yet availabl~) u1 Lo ihe closer proximitv to the outdoor soil grade in 
rhe NM houses. The NM data have been grouped according to location of the 
test hole: a) within 1 m of the slab perimeter. and b) interior locations 
J.;utlwr than l m from the slab perimeter. The perimete1· locations have much 
higher soil gas entry potentials (and lower soil and surface resistances) . 
Proximitv to outdoor soil grade. the extensive cracking observed along the 
perimeter. and the distlirbed soil and materials around the stem walls and 
fool ings probably combi11E: to contribute to the \·ery high soil gas entrv 
potentials at these perimeter locations. Likewise. the soil gas entrv 
potential for block wall cavit~ locations in the NJ houses is slightlv 
highf-r - - al so possibl v diw t·o tlw same factors affecting the pet·imeter 
lnrririo11c; in rlir:- VI slcilx;-011-g1·adE. The interior locations in the Ni·! ltouses 
&enEi-.:lllv had poo1· pressun·· f i.c-ld connection to other locations ;is measured 
1,·j th SSD mitigation s,·stems ope-rating or with the sub-sLi.b \·acu111u cleaner 
test. 

For both NM and !'iJ hous('s . wherE soil gas entrv potentials .ire 1 ow. the 
1·acton c·onrentrations in the soil gas tE·nd to be l1igh. The low snil gas t-nrn· 
potentials may be indic<.lti\·e ot poor flushing of i·adon 1rom tllr soil bv slight· 
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soil gas movement into the buildings and by minimal diffusion over the large 
distance to the soil surface. The GM soil gas radon concentrations were 
higher for the NJ houses than the NM houses , suggesting a larger radon source 
in the NJ soils . These higher soil gas radon concentrations (42000 Bq/m3

) 

resulted in the NJ houses' having a high GM radon entry potential through the 
basement floors. However, the relatively high soil gas entry potential for 
perimeter slab locations in the NM houses created a high radon entry potential 
(GM of 15 x 10-3 Bq/Pa-s) despite the low GM radon concentration of 3000 Bq/m3

• 

The GM radon entry potential for interior slab locations in the NM houses was 
15 times lower than for the perimeter locations , despite the higher GM radon 
concentrations at the interior locations. 

Table 1 . SUlllllary of Entry Potential Parameters at -10 Pa Calculated for New Mexico Slab-on-Grade Houses 

Entry Potential Parameters 

Soil Gas 
Soil Surface Entry Radon Entry 

Resistance , Resistance , Potential, Radon Potential, 
St atistic Rs- EPP RP-EPP G Cone . E 

( 106 Pa-s/m3) (10 6 Pa-s/m3 ) (10-6 m3 /Pa-s) (kBq/m3 ) 00-3 Bq/Pa- s l 

All Locations at 6 Houses 

Geometric Mean 0. 32 0. 064 2.2 3.6 8.5 

Geometric Std. Dev . 15.1 10 . 5 13 . 0 4.00 13. 4 

Arithmetic Mean 5 .1 1.1 13 7.7 65 

Arithmetic Std. Dl;!V. 8.75 3.02 21. 5 9.00 136 

Number of Locations 48 48 48 47 47 

Slab Perimeter Lo cations at 5 Houses 

Geometric Mean 0.20 0.038 4 . 6 3.0 15 

Geometric Std. Dev. 10. 9 7.73 9 . 22 4.09 11. 0 

Number of Locations 38 38 38 37 37 

Interior Locations > 1 Meter from Perimeter at 5 Houses 

Geometric Mean 6 2 0 . 47 0. 14 7 . 4 1. 0 

Geometric Std. Dev 6.18 12 . 1 6 . 16 2 . 92 9 . 58 

Number of Locations 10 10 10 10 10 

Table 2. SU111T1ary of Entry Potential Parameters Calculated for Four New Jersey Houses 

Statistic Rs-EFF RF-EFF G Rn Cone . E 
(10 6 Pa-s/m3 ) (10 6 Pa-s/m3 ) (10-6 m3 /Pa -s) Ck Bq/m3 J (10- 3 Bq/Pa-sl 

Basement Slab Floor Locations 

Geometric Mean 1. 2 Q. 65 0 . 5 42 23 

Geometric Std . Dev . 5.0 4.8 4 , 8 8.09 6 . 7 

Number of Locations 22 22 22 22 22 

Basement Block Wall Cavity Locations 

Geometric Mean 0.68 0. 12 1.2 6.5 :' . 9 

Geometric Std. Dev 2.2 2.1 1. 6 4 . 85 5. l 

Number of Locations 44 ;.4 44 42 :.2 
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RADON ENTRY POTENTIALS AND INDOOR RADON LEVELS 

It is expected that houses with higher a verage radon entry potentials 
would have higher indoor radon levels. Figure 2 relates these data for the 
four NJ and six NM houses. The plot on the right of Figure 2 shows the modest 
corre lation of the average indoor radon concentration during the winter with 
the GM radon entry potential for each group of houses. The two groups do not 
appear on the same line because of differences in house construction. number 
and locati.on of the test holes at each house. and possibly measurement and 
averaging techniques. The left plot in Figure 2 displays the same data but 
normalized for each group by the median average radon concentration and median 
GM radon entry potential. The correlation coefficient. R. for these normal­
ized data is 0.67. The data indicate that, with improved techniques, radon 
entry potentials may be a practicable predictor of l ong-term winter rAdon 
concentrations in some houses . In models of indoor air pollution , the indoor 
concentration of pollutants is not solely dependent on the pollutant source 
strength. Ventilation rates are also an important factor and may explain some 
of the lack of co rrelation i n these data. 
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Figure 2. Average winter indoor radon levels for four NJ houses and six New 
Mexico houses arc relaled to the GM radon entry potential at each house in the 
right plot . ln Lhe left plot, the data are normaiized by the median for each 
group. Solid curves are lines of best-fit from linear regression. Dashed 
lines arc 95% confidence curves. 

ENTRY POTENTIALS AT J)IFFERENT APPLIED DEPRESSURIZATIONS 

:\t fi\"f• of rilF six New Mexico houses. cntn· potentials were dett=>rmined 
with the structure- ciep1·essui-ized to both -10 and -30 Pa. The results <it 

these t1,,1 1(.-\'t·ls (•L dept·ess1nization at·e compa1·eci in T.:ible 3. The same r.1don 
grab si!mpl'es 1-.-c1·c cised to calculate radon entn· potentials for both pcessures: 
howevc-1·. flows .111ci .'\l's changed. causing changes in the r;1don entrv potential . 
.-\ onE"·-siJeci. t\<.·o-sc.mplc. non-parametric test does not conclusi,·elv sho\<.' that 
the soil gas c-ntn· potentials at: -10 Pn ;.HP significant\\· hi~~hf·r than ill 

-30 Pa \f.l < 0.6) . The data tram a simila1· comp.J.rison ot ;1pµlied pressurfs at 
)] test locatio11s in the !\.J hO\tses ;;lso indicate that tlwn' is l it:tle si:.niti -
cant sL1tistic.;t] difft·r·r-nce (µ < IJ.3) in thE"· soil gas t' l1t.l'\' pul»11ti<d for :he 
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ditterent pressures. However, because the range of values is large for these 
parameters (large GSD), the statistical tests are not conclusive. In addi­
tion, since the soil gas entry potential at -10 Pa is higher for 20 of the 26 
test locations and for the GM of the group, there may be some bias in the 
procedure to cause this difference. The GM .soil gas entry potential at 
approximately -10 Pa for the NJ test locations was 0.64 x 10-6 m3/Pa-s (GSD of 
4.16) and at approximately -30 Pa was 0.47 x 10-6 m3/Pa-s. An analysis of flow 
data from 22 test holes in the NJ houses suggests that flow through those 
holes did not increase in direct proportion to the applied pressure. For a 
general equation of the form, Q = A(ap)n, the exponent, n, was calculated to 
be approximately 0.9. This result may be due to non-linear air flow through 
the materials below the test hole or within the flow adaptor, and could 
explain slightly lower entry potentials at higher pressures. 

Table 3. Comparing Entry Potential Parameters at -10 and -30 Pa from 5 New Mexico Houses 

Statistic Rs-EFF RF-EFF' G E 
(10 6 Pa-s/m3 ) (10 6 Pa- s / m3 ) (10-6 m3 /Pa-s) c io-3 Bq/Pa-s) 

House Depressurized to Approx. -JO Pa 

Geometric Mean 0 . 44 0.13 l. 4 6.0 

Geometri c Std . Dev . 13 2 

House Depressurized to Approx -10 Pa 

Geometric Mean 0 35 0.10 1.9 7. 8 

Geometr ic Std . Dev . 14.4 15.2 12 .9 14.0 

Number of Locations 26 26 26 26 

SEASONAL CHANGES 

Thus far in the study, entry potential measurements have been conducted 
in different seasons in only one house, AL03. The data for the measurements 
made at seven test locations in September and January are shown in Table 4. 
By inspection. it appears t hat the entry potentials are very similar for the 
two periods, although because of the small sample size and large standard 
deviation, the equality of the samples is not statistically robust 
(p < 0 . 70). It is concei\·a ble that seasonal changes in environmental and 
structural conditions, and soil moisture could have a significant effect on 
th~ fl ows. pressures, and radon concentrations measured during an entry 
pot011tial t est. These additional measurements are planned for the remaining 
ti ,-c houses. 

;able • Compar1•on ot Entrv PotenttJ~ Parameters for Two Seasons at New Mexico House AL03 

Statistic Rs-EFF i<.r-EFF G Rn Cone . E 
(10 6 Pa- s. m3 ) , 106 Pu-s/m3 ) oo-6 m3 /Pa-s l ( kBq.'m 3 ) ( 10- 3 Bq/Pa-s) 

Sep Pmber l>J9J 

Jt_•1"'r:;p~ :· ! ~ Me,1n 2 0 0 12 • 2 0 , 50 

:;b':::~· :· 1c Strl 0f?'I ~ 92. 7 . 3b 2 _ lS 8 l 4 

J1'::.i:·: 1091 

Ge""''° t n c Mean " " ~ 9 . 12 4 s 0 . J:. 

:-it?-.'i.,P~ l l r: Std . o~v -J 08 .~ 0 l J . OG r, C', 

~'.:r.:i ~L of l.nr:.'lt 1ons 
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. APPLYING ENTRY POTENTIALS TO SSD DESIGN 

An important aspect of this work has been to apply the radon entry 
potential data to the design of SSD radon control systems. The material below 
the slabs in the center of these houses does not support the broad extension 
of a pressure field from an SSD pipe. Therefore, many pipes would have been 
required to develop an adequate pressure field beneath the entire slab. Since 
almost the total occupied floor area of these houses is finished, finding 
acceptable locations for SSD pipes is difficult. 

Figures 3 and 4 display the entry potential data and mitigation svstem 
location plotted on floor plans for each of the houses. Table 5 contains 
descriptions of the symbols used in these figures. Because the highest radon 
entry potentials generally occur at the slab perimeter, SSD systems were 
designed' to depressurize the sub-floor areas with the highest entry potentials 
by penetrating the exterior stem walls from outdoors. With this approach, 
interior locations for pipes were avoided. By penetrating the stem wall. 
pressure fields were often more easily extended along the perimeter t hrough 
the existing gaps, channels, and more permeable materials . As seen in 
Table G, the installations based on control of local areas with high radon 
entry potentials have been very successful in houses AL04, SF31, and TI42. Of 
these three houses, the SSD pressure field extends through a relatively 
permeable layer of soil beneath the entire slab only in SF31. 

Table 5 . Description of Symbols Used in Figures 3 and 4 . 

Symbol 

IF(l,2,3 . .. ) 

(YES)/(NO) 

Rs 

Rr 

G 

RN 

E 

VAC . HOLE 

SSD PIPE or SYSTEM 

Description 

Floor Test Hole Identification 

Pressure Field Developed by SSD Mitigation System 
Detected at this Test Hole 

Effective Resistance of Soil CRs-Errl. 10 6 Pa-s;mJ 

Effective Resistance of Substructure Floor (RF-EFF~. 

10 6 Pa-s/m3 

Soil Gas Entry Potential. 10-6 m3 /Pa-s 

Soil Gas Radon Concentration, pCi/L 

Radon Entry Potential, 10- 3 Bq/Pa-s 

Location of Pressure Field Extension Test Us1n~ Vd~uu~ 
Cleaner 

Subsurface Depressurization System for Radon Cont,. :: 
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4 s• '.: 0 04~ G : 0.72 N-

72 
RN= 91 ~ : 0.11 (n•l 
E • 2 .4 ll:,i R., • O.f> 

~- 22 Rr = 0 I n, - e c = 1.1 
C - 0 .04 ptNn :Jf> 
RN= 340 E • 2. 2e 
~ 

• 
FOL!,OW-UP 

2-PIPE 
SSD 

9YS'l'EM 

G = 0.04 
RN= IB 
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Rs= 23 
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• 
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There are various reasons for the lower effectiveness of the mitigation 
systems in the other three houses. The single SSD pipe installed in TI41 has 
reduced indoor radon levels approximately 40%, but is not extending the 
pressure field to other important radon entry locations (IF2, IFS, and IF6). 
Since SSD mitigation systems are being evaluated before any cracks and holes 
are sealed, the large perimeter crack in this house has not been sealed . 
During future mitigation, this crack will be sealed to improve the extension 
of the pressure field and additional SSD pipes will be installed, if neces­
sary. Both AL02 and AL03 are unique in that their indoor radon levels are 
very responsive to changes in barometric pressure. A negative rate of change 
(drop) in barometric pressure appears to cause an increase in indoor radon 
levels, while a positive rate of change (rise) in barometric pressure causes 
radon levels to decrease. From the perspective of this study, two questions 
are raised by this condition : a) what is the mechanism forcing radon into the 
houses. and are existing mitigation techniques appropriate, and b) should 
diagnostic (entry potential) measurements and post-mitigation radon monitoring 
be conducted only during periods of falling barometric pressure? In house 
ALO?. indoor radon levels appear to have been reduced approximately 70% to an 
average of about 80 Bq/mJ. However, indoor radon levels have peaked over 520 
Bq/mJ during periods of falling barometric pressure with the SSD system 
operating. A similar, though more difficult, problem exists at AL03 where two 
SSD systems have been installed that are only partially effective. 

Although soil gas entry rates may be low at the center of slabs, in 
areas of the country where soils have extremely high radon concentrations, 
radon entry potentials in the center of the slabs could be quite high. In 
these situations, radon control may have to extend to all locations of the 
slab . 

i.;ble 6. Enrrr Nrnti.;l Data and Pre- and Post- 11itigation Indoor Radon Lmls - \e1 ~exico Houm 

Seil C.;s [ntrr Potential (C) Radon Entrv Potential ( E) Prditigation Post -~i tigation 
"i 10 Pa •t lO Pa (after ll/ l/90) (;;ftn ll! l/90) 

:iean \pprox. :lean .\pprox. 
Hom d. :!<Jn [Eu . \W1ber Gto. '.1Ean Ceo . Indoor Rn Duration Indoor Rn Our at ion 

ID : _,., ] 'i P.i· s I 5td. Der. Loe . (lo ·: Bq/Pa-s) Std. De1· . (Bqjm' ) (hrs) (Sqjm ') (hrs ) 

ALul • I) uo 6 ll 2. 6/ /90 1/jQ 80 i60 

\LUJ :o I l.6 ll 0. 83 8' 98 260 lllO 140/liO' ~10/290' 

.\L04 lQ lU I b 8 ll. 6 290 340 40 1140 

Sf' I! ! $1) \ i1/ 4. i4 J60 l040 iO 400 

11 11
: : 4 9 ! 2'+ ll.l ~40 li40 liO I iO 

f I~ ~ ·, 18 4 '2 6 10 j40 lOIO 1i0 120 

·ho (ilt!1; i: ;-.: ~S~, ;:lt~t.arl vri l\"sr.tm~ ~ert C\'Ciluattd . 
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SUMMARY 

Data on soil gas and radon entry potentials from this study of New 
Mexico houses with slab-on-grade substructures support the results from an 
earlier study of New Jersey houses with basements . Soils and materials 
surrounding the substructures of the houses in both studies are many times 
more resistant to soil gas flow than the below-grade structure surfaces and 
materials. Those areas of the substructure closer to the open soil surface 
tended to have higher soil gas entry potentials. Locatjons away from the 
perimeter of the slab floors in the New Mexico houses generall y also had much 
lower radon entry potentials. Radon mitigation designs incorporating this 
information emphasized that pipes for SSD systems in these houses should be 
located along the perimeter of the slab and only at areas of relatively high 
radon entry potentials. Some difficulties with this diagnostic approach have 
been encountered in two houses where indoor radon levels are very responsi ve 
to changes in barometric pressure . Radon entry potentials were modestly 
correlated with average indoor radon levels during the heating s eason. 
implying that with additional modifi cations to the t echnique a nd anal vsis. 
radon entry potentials might be a satisfactory indicator of long-term indoor 
radon levels. 
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