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ABSTRACT 

Developmental radon reduction techniques have been i n s t a l l e d  i n  16 houses 
near Dayton. Sub-slab suct ion and sump (drain  t i l e )  suct ion have reduced radon 
l e v e l s  i n  f i ve  basement houses below 4 picocuries per l i ter  (pCi/L) - o r  148 
Becquerels per cubic meter ( B ~ / I $ )  -- based upon short-term radon measurements. 
I n  one of these houses, s o i l  gas flow i n  the  system was only 4 f t^/min (2 
L/sec). In two houses which had a basement plus an adjoining s l ab  on grade, 
sub-slab suction i n  t he  basement alone adequately reduced radon leve ls  i n  t he  
e n t i r e  house. Radon was reduced by over 90 percent i n  each of four slab-on- 
grade houses using sub-slab suction from outdoors, even though forced-air 
heating supply ducts under t he  s labs  appeared t o  prevent e f fec t ive  extension of 
.ke suction f i e l d  under the  slab.  Forced-air exhaust of the  crawl space i n  
four crawl space houses proved more e f fec t ive  i n  reducing radon i n  t h e  l i v ing  
a r e a  than did na tura l  ven t i l a t ion  of the  crawl space. Closure of t h e  wall/floor 
jo int  i n  two basement houses with concrete foundations, and of a sump i n  one of 
t h e  houses, gave moderate reductions i n  the  house with a sump, bu t  l imited 
reduction i n  t he  other  house. Operation of sub-slab ven t i l a t ion  s y s t e m  i n  
suction proved consistently more e f fec t ive  i n  reducing radon than did  operation 
of the systems i n  pressure. 

This paper has been reviewed i n  accordance with t he  U. S. Environmental 
Protection Agency's peer and administrat ive review pol ic ies ,  and has been 
approved f o r  presentation and publication. 



INTRODUCTION 

As par t  of t h e  0. S. Environmental Protection Agency @PA) program t o  
develop and demonstrate cost-effective methods for  reducing concentrations of 
radon ins ide houses, developmental radon reduction measures have been ins ta l led  
and tes ted  i n  16 ex is t ing  houses i n  the  v ic in i ty  of Dayton, Ohio. This project 
is intended t o  develop understanding of the  design and performance of selected 
radon reduction systems i n  selected house substructure types, with geological 
and house construction character is t ics  representative of Ohio (as well a s  other 
areas  of the  country). The tes t ing  i n  these 16 houses, conducted under EPA 
sponsorship by Acres International Corp. and AMERICAN ATCON during the 1987-88 
heating season, is envisioned a s  the first phase of a two-phase radon reduction 
f i e l d  project i n  Ohio. 

This t e a t  program had f i v e  objectives. 

To ver i fy  t ha t  t r ad i t i ona l  sub-slab vent i la t ion systems 
and sump (drain t i le) ven t i l a t ion  systems can provide 
high radon reductions i n  "purett basement houses i n  Ohio 
( foe. ,  basement houses having no adjoining s l ab  on grade 
or  crawl space). These ac t ive  s o i l  vent i la t ion systems 
have proven very e f fec t ive  i n  t e s  t ing  elsewhere1. 

To demonstrate whether sub-slab vent i la t ion i n  t h e  
basement only can suf f ic ien t ly  reduce radon levels  
throughout basement houses with adjoining s labs  on grade 
(i.e., t o  determine whether separate vent pipes d i r e c t l y  
t rea t ing  the  adjoining s lab  can be avoided). 

To explore a l ternat ive  mitigation methods f o r  slab-on- 
grade houses having forced-air heating supply ducts 
underneath the  slab. Methods tes ted included: operat- 
ing the cen t ra l  furnace fan t o  pressurize the  sub-slab 
space using the  heating ducts; seal ing accessible s l a b  
openings; and sub-slab venti lat ion.  

To t e s t  a l t e rna t ive  methods f o r  t rea t ing  crawl space 
houses, including: natural  vent i la t ion of the crawl 
space; and forced-air vent i la t ion of the crawl space 
(with the  vent i la t ion fan operating t o  exhaust air from 
the  crawl space). 

To t e s t  seal ing alone a s  a method f o r  reducing radon i n  
basement houses par t i cu la r ly  amenable t o  sea l ing  (i .em , 
poured concrete foundation walls ,  basement unfinished, 
and s lab  and walls reasonably f r e e  of cracking). 

Table 1 lists the 16 study houses, including the  resu l t s  of alpha-track 
measurements i n  each house over a 3-nonth period during the  winter, p r io r  t o  
mitigation. So i l  gas i s  the predominant source of the  radon i n  a l l  of the  
houses; well water and building materials were determined not t o  be s ignif icant  
radon sources. 



MEASUREMENT METHODS 

For short-term measurements of mitigation system performance , radon gas i s  
measured using a Pylon Model AB-5 continuous radon monitor equipped with a 17.4 
in.3 (285 nL) Lucas s c i n t i l l a t i o n  ce l l .  The Pylons a r e  programmed t o  measure 
radon hourly. Because of the s ign i f ican t  day-to-day v a r i a b i l i t y  i n  indoor radon 
concentrations observed i n  t h e  Dayton houses, the  short-term radon measurements 
consisted of a t  l e a s t  48 hours (and sometimes a s  many as 98 hours) of Pylon 
readings both before and a f t e r  t he  mitigation system was activated.  System 
on/off measurements were made back-to-back, t o  the  extent possible, t o  reduce 
temporal variat ions.  Measurements were made i n  d i f f e r en t  pa r t s  of the  house, a s  
indicated i n  the  tab les  tha t  follow, under closed-house conditions. Much of the  
monitoring was completed during the  heating season, although sooe of t he  l a s t  
measurements were not completed u n t i l  aid-April 1988. 

Magnostic t e s t i ng  Included: sub-slab suction f i e l d  extension measurements 
i n  houses with act ive  s o i l  ven t i l a t ion  systems, both before I n s t a l l a t i o n  (using 
a vacuum cleaner t o  generate t he  suction) and afterwards ; perf luorocarbon t r a c e r  
measurements of ven t i l a t i on  r a t e  i n  the  crawl space houses, t o  understand the  
e f f ec t s  of crawl space ven t i l a t ion ;  and suctions and flows I n  Individual pipes 
associated with the  s o i l  ven t i l a t ion  systems. 

Three-month alpha-track detector  measurements were made i n  the  houses p r io r  
t o  mitigation, a s  reported i n  Table 1. To measure long-term system performance, 
3-month alpha-track measurements w i l l  be repeated quar te r ly  f o r  a t  l e a s t  1 year 
with the systems operating. For qua l i ty  assurance, these  detectors  a r e  deployed 
i n  c lu s t e r s  of three;  i n  addit ion,  unexposed de tec tors ,  and detectors  exposed t o  
known radon levels  i n  a chamber, a r e  sent  blind t o  the  ana ly t ica l  laboratory. 

RESULTS 

SUB-SLAB AND SUMP VENTILATION I N  BASEMENT HOUSES 

Sub-slab ven t i l a t ion ,  with a s ing le  ven t i l a t ion  pipe inser ted down through 
the  slab,  was tes ted i n  three  basement houses. Sump vent i l a t ion ,  where d ra in  
t i l e s  entered the  sump, was tes ted i n  two houses. The r e su l t s  of t h i s  t es t ing  
a r e  summarized i n  Table 2. The radon leve ls  presented i n  t h i s  t ab l e  a r e  t h e  
short-term Pylon r e su l t s ,  s ince  the  Pylon r e su l t s  provide back-to-back, system 
on/off comparisons. The r e su l t s  i n  the  tab le  a r e  with the  systems operating i n  
suction,  which, a s  discussed l a t e r ,  is  preferred over operation i n  pressure. 

As shown i n  the  table ,  a l l  f i v e  of the  houses were reduced t o  mean radon 
concentrations below the  EPA guidel ine  of 4 pCi/L (148 ~ ~ / n ? ) .  Radon removals 
were greater  than 90 percent i n  a l l  houses except one. These high radon r e -  
ductions a r e  consistent  with the  r e su l t s  observed with sub-slab suct ion and 
sump/drain t i l e  suct ion i n  other  geographic areas. 

Pre-installat ion sub-slab suction f i e l d  extension measurements had i n d i -  
cated t ha t  suction extended e f fec t ive ly  beneath these slabs. These diagnostic 
r e s u l t s  led t o  the  decision t o  i n s t a l l  only one &in. (10-cm) diameter sub-slab 
auction pipe i n  the  th ree  houses having sub-slab suct ion systems, even though 
one of the basements was l a r g e  (1850 f t 2 ,  o r  170 m2). Also I n  view of these  



diagnost ic  r e s u l t s ,  no attempt was made t o  improve suct ion by excavating a 
hole under t h e  s l a b  where the  pipe penetrated (other than removal of t h e  
several-inch depth of aggregate imiaediately under t h e  s l a b  penetrat ion).  
The r e l a t i v e l y  high radon reductions achieved with only one suct ion pipe  i n  
these  houses would seem t o  v e r i f y  t h e  apparently favorable d iagnost ic  r esu l t s .  
The fans  i n s t a l l e d  on these systems a re  capable of moving 270 ft3/min (127 
L/sec) of a ir  a t  zero s t a t i c  pressure, and capable of developing about 1.4 in. 
of water column suc t ion  (350 Pa) before s t a l l i n g .  

The low s o i l  gas flows i n  two of t h e  sub-slab suc t ion  systems (Houses 7 and 
43) are of i n t e r e s t  (see Table 2). I n  House 7, t h e  f a n  was near ly  s t a l l e d  as a 
r e s u l t  of t h e  suct ion head. The high radon reductions d e s p i t e  these  low flows 
confirm t h a t  high flows are not necessary t o  achieve good reduction perforoance 
wi th  a s i n g l e  suction point ,  as long as the  suct ion f i e l d  extends well. The 
p re - ins ta l l a t ion  (vacuum cleaner)  suction f i e l d  r e s u l t s  i n  a l l  of these  houses 
had suggested t h a t  the re  would be l i t t l e  res i s t ance  t o  gas flow ( so  t h a t  high 
flows would be expected) . Thus, while the  p r e - i n ~ t a l l a t i o n  diagnost ics  
cor rec t ly  predicted t h e  success of sub-slab suct ion,  t h e r e  were c lea r ly  aspec t s  
of the  sub-slab condition t h a t  t h e  diagnostic  t e s t i n g  d id  not f u l l y  reveal.  
The s o i l  conditions under these  houses - o f t e n  a hardpan clay d i r e c t l y  under 
the  sub-slab aggregate, underlain a t  some depth with e i t h e r  limestone o r  g rave l  -- undoubtedly contributed t o  t h e  low s o i l  gas flows. 

SUB-SLAB VENTILATION I N  BASEMENTS OF BASEMENT-PLUS-SLAB HOUSES 

I n  basement houses having a n  adjoining s l a b  on grade, it would be con- 
venient and l e s s  expensive i f  radon l eve l s  i n  the  e n t i r e  house could be euf f i -  
c i en t ly  reduced through sub-slab ven t i l a t ion  under the  basement s l a b  alone. 
This would avoid t h e  need t o  i n s e r t  vent pipes under t h e  adjoining slab.  I n  
o t h e r  studies1 2 ,  i t  has sometimes been found necessary t o  include pipes under 
the adjoining slab. 

The Pylon r e s u l t s  from basement treatment of two such houses a r e  presented 
i n  Table 3. As with the  previous t a b l e ,  these  r e s u l t s  a r e  with the  fans  operat- 
i n g  i n  suction. As apparent from t h e  t ab le ,  radon concentrations were reduced 
t o  4 pCi/L (148 B ~ / u ? )  o r  less i n  both the  basement and t h e  l i v i n g  a r e a  of both 
houses with basement treatment alone. 

I n  both houses (and espec ia l ly  i n  House 11). pro- ins ta l la t ion  suc t ion  f i e l d  
extension measurements had suggested t h a t  communication under the  basement s l a b  
was very good, but  t h a t  communication between t h e  basement sub-slab and t h e  
adjoining s l a b  was questionable. In t h e  case of House 11, one suct ion pipe  i n  
t h e  basement was s u f f i c i e n t  t o  reduce radon l e v e l s  over t h e  adjoining s l a b  
below 4 pCi/L, bu t  l e v e l s  i n  t h e  basement were reduced only t o  4 pCi/L and not 
below. Thus, a second basement p ipe  was added. It is surpr i s ing  t h a t  one  p ipe  
was not  adequate t o  reduce t h e  basement below 4 pCi/L, i n  view of t h e  ex- 
cept ional ly  good p re - ins ta l l a t ion  diagnostic  r e s u l t s .  This  result again  
i l l u s t r a t e s  tha t  p re - ins ta l l a t ion  suct ion f i e l d  extension measurements do not 
reveal  everything about sub-slab conditions. It cannot be confirmed from t h e  
post -mi t igat ion diagnostics whether the  reductions i n  u p s t a i r s  concentrat ions 
resul ted  because the  pressure f i e l d  extended t o  t h e  adjoining s l a b ,  o r  because 



reductions i n  the  basement reduced the  amount of radon migrating ups t a i r s  from 
the basement. 

In House 21, t he  slab-on-grade portion of t he  house was underlain by c lay,  
while the basement addit ion penetrated the  c lay  layer  and was underlain by 
gravel. Probably because it penetrated t he  impermeable clay layer ,  t h i s  base- 
ment had the  highest radon l eve l s  observed i n  t he  Dayton project  (83 pCi/L, o r  
3,080 ~~/a?). Pos t-mi t i ga t i on  suction f i e l d  extension measurements confirmed 
t h a t  suction from t h e  sub-slab system appeared t o  be extending underneath the  
e n t i r e  basement s lab;  thus ,  again, it is considered surpr is ing t ha t  basement 
radon leve ls  were reduced only t o  4 p C i / ~  and not less. One hypothesis is tha t  
the  auction f i e l d  is  not extending under the  footings t o  t r e a t  t he  ex t e r io r  
face  of the  basement foundation wall,  so  t h a t  radon could s t i l l  be enter ing 
through the  seam between the  basement stem wall and the  adjoining s lab*  If  
t h a t  is the case, t h e  adjoining s l a b  is not being t rea ted  by the  basement 
suction point ,  and the  radon reductions ups t a i r s  would be due t o  reduced migra- 
t i o n  of radon ups t a i r s  from t h e  basement. The low flows i n  t h e  system i n  House 
21 a r e  in te res t ing ,  s i nce  the  s l ab  is underlain by gravel  which presumably i s  
permeable. 

House 11 has concrete foundation walls; t h e  basement wal ls  i n  House 21 a r e  
block f i l l e d  with concrete. If the basement suct ion f i e l d  were t o  extend under 
t he  adjoining s lab ,  t he re  i s  a g rea te r  l ikelihood tha t  t h i s  would occur with 
concrete wall6 (or concrete-fi l led block wal ls)  than with hollow block walls. 

As i n  Table 2, t h e  i n s t a l l a t i o n s  i n  Table 3 u t i l i z e  the  270 ft^/min fan, 
4-in. piping,  and no excavation under the slab. 

SLABQN-GRADE HOUSES 

A l l  four of the slab-on-grade houses tes ted i n  t h i s  study have forced-air 
heating supply ducts beneath the  s l ab ,  radia t ing out from a cen t r a l l y  located 
down-draft furnace. Under these circumstances, it would be ant ic ipated t h a t  a 
suction f i e l d  created by a sub-slab suction system would not extend underneath 
these  s labs;  presumably, t h e  f i e l d  would by broken by the  ducts,  which could 
provide a supply of indoor a i r  t h a t  would neu t ra l ize  the  suction* The apparent 
presence of clay s o i l  d i r ec t l y  under the  ducts fu r the r  reduces the l ikelihood 
tha t  a suction f i e l d  could extend under t he  ducts. And, a s  expected, pre-miti- 
gat ion suction f i e l d  extension measurements confirmed tha t  the  f i e l d  did  not 
extend between the  sub-slab zones created by the  ducts* 

In  view of these concerns about the extension of a suct ion f i e l d ,  t h e  
i n i t i a l  t e s t i ng  addressed approaches other than sub-slab suction. The results 
of t h i s  i n i t i a l  t e s t i ng  a r e  summarized i n  Table 4. 

The f i r s t  approach was t o  operate the  c e n t r a l  furnace f an  continuously, i n  
a n  e f fo r t  t o  pressurize t he  sub-slab region by continuously f o r c ' q  air i n t o  
these sub-slab supply ducts. As shown i n  Table 4, furnace f an  operation re-  
su l t ed  i n  moderate degrees of radon reduction i n  Houses 15 and 47, and essenti-  
a l l y  no reduction I n  Houses 1 and 31. Sub-slab pressure f i e l d  measurements 
confirmed tha t  fan  operation appeared t o  be increasing the  sub-dab pressures 
a t  a l l  of the  t e s t  holes. The f a c t  tha t  reductions were not higher than they 



were ind ica tes  t h a t  t h i s  sub-slab pressur iza t ion was not  s u f f i c i e n t  t o  keep 
radon out of t h e  sub-slab space. I n  House 1 - the  only one of t h e  four s l a b  
houses t o  have a block foundation - radon could a l s o  have still been en te r ing  
v i a  the  block cores. 

The next s t e p  was t o  c lose  t h e  major access ib le  opening through t h e  s l ab ,  
namely, the  opening under t h e  bathtub where the  bath  plumbing comes up through 
the slab.  It was recognized t h a t  t h i s  s t e p  would l i k e l y  not  be s u f f i c i e n t ,  by 
i t s e l f ,  t o  reduce radon below 4 pCi/L, i n  view of t h e  o the r  s l a b  openings l e f t  
unclosed (such a s  the  heat ing supply ven t s  and t h e  inaccess ib le  wa l l / f loor  
jo in t ) .  As shown i n  Table 4, c los ing t h e  tub opening gave some apparent re- 
duction i n  Houses IS and 31, and e s s e n t i a l l y  no reduction i n  House 47, (House 
1 had no opening under t h e  tub  .) 

The t a b l e  shows t h a t  -- f o r  t h e  two houses where operat ion of t h e  c e n t r a l  
furnace fan  had had an e f f e c t  p r i o r  t o  c los ing t h e  bathtub opening - closure  of 
t h i s  opening improved t h e  radon reduction ef fec t iveness  of f a n  operation. 

Only i n  t h e  case of House 15 did t h e  above s t e p s  reduce radon l e v e l s  below 
4 pCi/L. Thus, add i t iona l  s t e p s  were c lea r ly  required. P r i o r  t o  attempting 
o the r  measures, it was decided t o  t e s t  a simple sub-slab v e n t i l a t i o n  approach, 
even though the  d iagnost ic  r e s u l t s  as well  a s  i n t u i t i o n  indicated  t h a t  sub-slab 
suction should not be e f f e c t i v e .  This s i m p l e  sub-slab approach involved cre-  
a t i o n  of one sub-slab vent point  hor izonta l ly  through the  foundation wal l  from 
outdoors below s l a b  l e v e l ,  a t  one end o r  at  the  rea r  of t h e  house. A hole  was 
cored through the  foundation, and the  sub-slab v e n t i l a t i o n  fan  was mounted over 
t h e  hole. No vent p ipe  was i n s e r t e d  under t h e  s l ab*  As with a l l  of the  o t h e r  
sub-slab systems i n  t h i s  p ro jec t ,  t h e  fan  was capable of moving 270 f t^/min of 
gas a t  zero s t a t i c  pressure* 

The r e s u l t s  with these  sub-slab i n s t a l l a t i o n s  are presented i n  Table 5. As 
shown, a l l  four houses were reduced below 4 pCi/L, with reductions g r e a t e r  than 
90 percent i n  a l l  cases. It is  not understood why these  systems were s o  e f -  
fect ive.  Sub-slab suct ion f i e l d  extension measurements with the  systems oper- 
a t i n g  showed no measurable suct ion being created under t h e  s l ab  by the  systems 
i n  regions remote from t h e  suct ion point ,  consis tent  with the  p re - ins ta l l a t ion  
diagnostics. 

The r e s u l t s  i n  House 1 -- t h e  one house with a block foundation - a r e  t h e  
most t en ta t ive .  The performance of t h e  sub-slab system i n  t h i s  house was no t  
measured u n t i l  a f t e r  midoApril, at which time t h e  weather had become more mild; 
i n  t h e  o the r  th ree  houses, the s u r p r i s i n g l y  good system performance was measured 
i n  March, under more challenging weather conditions. Moreover, continuous oper- . 

a t i o n  of the  c e n t r a l  furnace f a n  g r e a t l y  increased radon l e v e l s  i n  House 1 ( t o  
10.6 pCi/L, o r  390 B~/E?), ind ica t ing  t h a t  t h e  sub-slab system might be over- 
whelmed under some conditions* I n  t h e  other houses, which a l l  had concre te  
foundations, operation of t h e  furnace fan  did  not  Increase concentrat ions above 
4 pCi/L. A concern i s  that, I n  House 1, the block cores could be f a c i l i t a t i n g  
t h e  shor t -c i rcu i t ing  of house a i r  i n t o  t h e  sub-slab system, thus  reducing t h e  
development of suct ion under t h e  slab. 



CRAWL-SPACE HOUSES 

The i n i t i a l  t es t ing  on the four crawl-space houses i n  t h i s  project  involved 
a l te rna t ive  methods of ven t i la t ing  the crawl space. Testing t o  date has ad- 
dressed: natural  ven t i la t ion  (opening the vents i n  the foundation wall); and 
forced-air vent i la t ion,  where the fan is  mounted t o  exhaust a i r  from the crawl 
space. The anticipated advantages of forced crawl-space exhaust a r e  t ha t ,  i n  
addition t o  increasing crawl-space vent i la t ion ,  i t  would : a )  possibly depres- 
sur ize  the crawl space r e l a t i ve  t o  the l iv ing  area,  thus reducing migration of 
radon from the crawl space i n t o  the l i v ing  space; and b) avoid freezing of 
water pipes i n  the crawl space as  a r e su l t  of ven t i la t ion  during cold weather, 
s ince much of the  a i r  exhausted by the fan  would be warmed house a i r  drawn I n t o  
the  crawl space ra ther  than cold outdoor air. To increase crawl-space depres- 
eurization,  the foundation vents were closed during forced exhaust vent i la t ion;  
however, no addit ional seal ing of the crawl-space foundation wall  o r  of the 
subflooring under the l i v i n g  space was attempted i n  the tests reported here. 
Forced-air ven t i la t ion  of the  crawl space, with the fan blowing i n t o  the crawl 
space, w i l l  be tes ted i n  the future.  

The resu l t s  of the  crawl-space vent i la t ion  t e s t s  a r e  reported i n  Table 6. 
As shown, natural  ven t i la t ion  gave radon reductions of 37 t o  84  percent i n  t he  
l iv ing  area,  and usually grea te r  reductions i n  the  crawl space, reducing two of 
t h e  houses below 4 pCi/L i n  the  l iv ing  area. Crawl-space concentrations, which 
were roughly twice the l i v ing  area concentrations with the vents closed, tended 
t o  become closer t o  the l i v ing  area concentrations with the vents open. 

By comparison with natural  ven t i la t ion ,  forced-air exhaust gave d i s t i n c t l y  
greater  radon reductions i n  the l iv ing  area i n  a l l  of the houses (although 
s t i l l  only two a r e  below 4 pCi/L). However, reductions i n  the crawl spaces a re  
much l e s s  with forced exhaust, as  would be expected; i n  depressurizing the 
crawl space, t h i s  approach draws more s o i l  gas i n t o  the crawl space, l a rge ly  
of fse t t ing  the benef i ts  of increased vent i la t ion.  The potent ia l  of the  crawl- 
apace depressurization mechanism is demonstrated by the f a c t  tha t  concentrations 
i n  the l iving area can be subs tan t ia l ly  decreased while the crawl-space concen- 
t r a t i ons  a re  being decreased only s l i gh t ly  t o  moderately. Whereas natural  venti- 
l a t i on  functions by d i lu t ing  the radon i n  the crawl space before it en te rs  the  
house (and possibly by reducing the  driving force for  s o i l  gas entry by neutra- 
l i z ing  the pressure i n  the  crawl space), crawl-space depressurization functions 
by reversing the d i rec t ion  of flow between the crawl space and the l iv ing  area. 

To assess the e f f ec t s  of natural  and forced-air crawl space vent i la t ion  on 
t h e  vent i la t ion r a t e s  i n  the  crawl space and the  l iv ing  area (and on the move- 
Ã § i n  of a i r  between these two zones), perfluorocarbon t r ace r  measureoents were 
made i n  a l l  of these houses. The results of t he  t r ace r  gas measurementswere 
inconclusive. 

SEALING I N  BASEMENT HOUSES 

For proof of pr inciple  concerning the  effectiveness of sealing,  the  two 
basement houses selected f o r  seal ing t e s t s  were a s  close a s  possible t o  being 
"textbook cases." Both had poured concrete foundation walls,  thus avoiding 
en t ry  routes associated with the cores and the porous faces involved with block 
walls. In  addition, t he  basements were unfinished, providing reasonably con- 



venient  access t o  a l l  apparent en t ry  routes  -- s p e c i f i c a l l y ,  t h e  wall/floor 
j o i n t ,  cracks i n  t h e  s l a b  and wal ls ,  and, i n  the  case of  House 32, the  sump. 

The r e s u l t s  of t h i s  t e s t i n g  a r e  summarized i n  Table 7. Moderate reductions 
were achieved i n  House 32, perhaps because of the  s ign i f i cance  of t h e  sump i n  
t h a t  house a s  a source. The reductions i n  House 49 were less s i g n i f i c a n t ;  i n  
f a c t ,  considering t h e  low concentrat ions involved, it is not c l e a r  t h a t  t h e  
s e a l i n g  e f f o r t  i n  t h a t  house had a r e a l  e f f e c t  a t  all. 

I n i t i a l  e f f o r t s  reported here  focused on c losure  of t h e  wa l l / f loor  j o i n t  
(and of the  sump i n  House 32). Attempts t o  use flowable caulks on t h e  wal l /  
f l o o r  j o i n t  were not successful ;  the  caulk e i t h e r  disappeared down t h e  crack,  o r  
puddled on top of t h e  s l a b ,  without c los ing the  crack. The j o i n t  was thus  
closed using non-flowable, gun-grade polyurethane cau lk  (sometimes tooled,  
sometimes not) . The concrete surf  aces were wire-brushed, and s p e c i a l  ca re  was 
used i n  removing dust  from t h e  surfaces  before applying the  caulk* I n  House 
49, a primer was used p r i o r  t o  f i n a l  caulking* I n  both cases,  t h e  caulk bead 
appeared v i sua l ly  t o  be adhering well t o  both the  s l a b  and t h e  wall. 

The ef fec t iveness  of t h e  c losures  was t e s ted  by taping shee t s  of p l a s t i c  
over segments of t h e  caulked w a l l f f l o o r  j o i n t ,  and over t h e  sump i n  House 32, 
and by measuring radon under the  ~ h e e t s  a f t e r  24 hours. S ign i f i can t ly  e levated  
radon concentrations under t h e  shee t s  indicated t h a t  radon was still  enter ing 
through the  closed jo in t s .  One hypothesis is t h a t  the  radon might-be bypassing 
t h e  caulk bead, moving through the  porous surface  of t h e  concrete ("laitance") 
near the  base of t h e  foundation wall.  If t h i s  hypothesis i s  cor rec t ,  and i f  a 
s u i t a b l e  primer w i l l  not c lose  the  l a i t ance ,  then t h e  reductions t h a t  can be 
achieved using the  type of sea l ing  e f f o r t  t h a t  homeowners could reasonably 
perform themselves w i l l  be limited. I n  t h e  case of House 49, t h e  res idua l  
radon could a l s o  be p a r t i a l l y  due t o  h a i r l i n e  s l a b  and wall cracks which have 
not  yet  been treated.  

PRESSURIZATION VERSUS SUCTION I N  SUB-SLAB VENTILATION SYSTEMS 

Sub-slab v e n t i l a t i o n  systems have most commonly been operated with t h e  
f a n s  drawing suct ion under the  slab.  Cer ta in  advantages would r e s u l t  (e.g., 
avoidance of a high-radon exhaust) i f  the  fans  could be operated ins tead t o  
pressur ize  the  sub-slab. 

Table 8 presents  t h e  results i n  e i g h t  of t h e  houses i n  t h i s  study where 
the  sub-slab system was t e s t e d  i n  both suc t ion  and pressure. As shown, i n  
every case, pressur iza t ion was less e f f e c t i v e  than suction,  sometimes sub- 
s t a n t i a l l y  so* 

It i s  believed t h a t ,  f o r  sub-slab pressur iza t ion t o  be e f f e c t i v e ,  t h e  
system oust  c rea te  s u f f i c i e n t  flows of air under the  s l a b  t o  d i l u t e  t h e  radon 
I n  t h e  sub-slab gas (which wi l l  be forced up i n t o  t h e  house by t h e  system). 
Establishing a pressure f i e l d  is not s u f f i c i e n t  by i t s e l f .  As discussed pre- 
viously,  flows i n  the  sub-slab systems i n  Dayton were sometimes unusually low, 
possibly explaining t h e  lower ef fec t iveness  of pressurizat ion.  
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TABLE 1. SUMMARY OF HOUSES SELECTED FOR TESTING IN DAYTON 

House Foundation Pre-mitigation Alpha-Track Results  (~c I /L )  
No. Wall Basement Living Area Crawl Space 

Objective 

4 
7 

3 2 

4 3 

4 5 

Objective 

11 
2 1 

Objective 

1 

15 
3 1 

4 7 

Objective 

2 2 
2 4 
2 8 
33 

Objective 

3 2 

4 9 

1 - sub-slabjdrain t i l e  ven t i l a t ion  i n  basement houses 

Block 24.5 20.7 -- 
Concrete 10.1 9.5 -- 
Concrete 23.2 17.4 (1st) -- 

17.6 (2nd) 
Concrete 11.3 (1st) 6.3 oo 

8.0 (2nd) 
Concrete 19.2 . 8.5 -- 
2 - Basement sub-slab ven t i l a t i on  i n  basement + slab- 

on-grade houses 

Concrete 28.9 17.3 -- 
Concrete 98.6 12.7 -- 

3 -Al t e rna t i ve  methods i n  pure slab-on-grade houses 

Block .- 17.5 (Ktchn) 
20.9 (BR) 

Concrete -- 16.3 (BR) 
Concrete -- 12.6 (Ktchn) 

14.0 (BR) 
Concrete -- 22.9 (Ktchn) 

24.1 (BR) 

4 - Alternative methods i n  pure crawl-space 

Block 
Block 

Concrete 
Block 

5 - Seal ing alone i n  pure basement houses 

Concrete 23.2 17.4 (1s t )  
17.6 (2nd) 

Concrete 4.8 4.0 

-0 

-- -- 
-- 

houses 

25.6 
21.1 
20.7 
17.6 

0- 

9- 

1. Alpha-track de tec tors  exposed during the  period December 1987 through March 
1988, p r io r  t o  completion of mit igat ion systems. Detectors exposed i n  
c lu s t e r s  of three;  f igures  shown here are averages of the three. Replicate 
c l u s t e r s  denoted 1st. 2nd. 

2. Living area  is defined as: s to ry  above basement (basement houses); ground 
l eve l  (slab-on-grade houses); slab-on-grade port ion of basement + s l a b  
houses; rooms above crawl space (crawl-space houses). 
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Fre-Ã§ltigÃ§ti Central Fan Operation Sealini* Centnl  ?an 4 S u l i a i  

1 14-32 20.2 0-3 l.3** 94 One aub-Ã§la auction point, through foundation -11 
from outaide, i n  a d d l e  of rear of houf (om mottion 
point per 2050 f t2 of d a b  area). Coatiououa 
operation of eÃ§ntrÃ iuruc* faa i n e r w d  1 Ã § ~  t o  
10.6 pCi& 

ODÃ aub-olab auctioo p l a t ,  t ho*  mil fro* cutÃ§lde 
a t  one end of h o e  (OM poiat por 975 ft2). pan en 
high aped  d fm 1.2 la. DC, 43 f t s / l n .  Continmu8 
operatioa of w n t f l  f u r ~ e c  fan b Ã  ao apparent 
effect  on a y a t m * ~  radea fduct ioa  pÃ§rfor~acÃ 

31 7-27 14.7 0-2 0.8 95 te* mublab  suetfan point, t h r o w  Ã‘1 from mftde, 
i n  a d d l e  of NT of how (one p l a t  pÃ§ 1000 t2). s fan  on high apeed draw about 0.8 IB. DC, 62 f t  /Â¥!a 
Continuous Ã§pÃ§rat of eantral famace f u  i Ã § u ~ e  
indoor radon IMaI* t o  3.1 pc1& 

47 20-31 29.6 0-2 0.9 97 OB* Ã§ub-Ã§l auctioa polat, t h r o w  wll i r ~  oatalde, 
a t  ow end of houae (one poiat per 1075 it*). ?an on 
hifh aped  drew 1.2 in. DC, 69 ft%ln. CootiwumÃ 
e p ~ a t l m  of central f u r ~ c e  fan bÃ Ã appÃ§ron mffact. 

*a P o a t - Ã § l t i ~ t i  moauc~Bf Ã‘d &ring mild uoatbÃ§r Ihi* d d  kÃ wrÃ§Ã§l a p w n a t  p0rfo-m 
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32 12-37 27.0 3-18 10.2 62 I n c i t e  cover amled over swp. Entire m i l / f l o o r  
jo in t  (1/32 t o  3/16 la. Mid*) e l o c d  uoini m o w  
tooled. gunirada polyuretlraÃ uuU d t e ;  Â¥Ira 
bnrb ing ,  carefully cleaning aur fau .  &Â¥a around 
pip* p e w t r a t i o u  through slab w i q  f l o ~ i b l e  p l y -  
urotlww caulk. h e  lotarfor  elab crack eÃ§ulked 
slab, Ã§oll  o t b a n t ~  h d  m l y  &aim1 eracfclv. 

3- 7 4.4 24 Utll t f loor  joint  (1/16 t o  1/8 IB. uide) e l o h  I I ~ ~ Q J  
Cun-Ã§rÃ§ polyorethu* uulk with a p r b r ,  a f t e r  
u i re -bnrh iog  cod w e f u l l y  e l u a i o g  aurfccÃ§ la 
Sam p l a c e ,  caulk MU toolad. Sifaificmnt awbÃ§ 
of hair l ine e n e b  la s lab  sad wall8 ~ i *  mot 
t r u t e d .  



TABLE 8. EFFECTS OF PBESSURIZATION VERSUS SUCTION I N  ACTIVE SOIL VENTILATION SYSTEMS 

Average Radon Concentration (pCi/L) 
House House ~ubs t ruc ture /  Pre- Post-oitigation Z Reduction 

No. Mitigation System mitigation Suction Pressure Suction Pressure 

4 Basement/amp vent 35.8 0.5 1.7 99 95 

7 Ba8ement/aub-slÃ§ vent 10.9 2.2 5.8 80 4 7 

11 Baseaent+clab/ 
basement sub-elab vent 18.7 3.5 9.1 8 1 5 1 

1 5  Slab on grade/ 
sub-alab vent 

31 Slab on grade/ 
8ub-slab vent 

32 Basement/simp vent 27.0 1.3 2.9 9 5 89 

43 Baaement/sub-slab vent 14.3 0.5 5.3 96 63 

47 Slab on grade/ 
sub-slab vent 29.6 2.9 16.0 90 4 6 

Note: The average post-nitigation radon concentrations shown i n  t h i s  table  for  the 
systems operating i n  suction, i n  some cases d i f f e r  from the comparable values 
presented i n  e a r l i e r  tables. The radon levels shown here f o r  the systems I n  
suction represent 48 t o  98 hours of hourly Pylon readings i n  suction, taken 
just before or  Jus t  a f t e r  the system was tested under pressure, and under the 
same conditions a s  the pressure t e s t .  These levels  a r e  f e l t  t o  provide the 
best back-to-back comparison of operation under auction versus pressure. 
However, the suction t e s t s  conducted i n  conjunction with the pressure tes t ing  
a r e  not always representat iveof  the f i n a l  system conditions (e.g., the fan 
speed might have been different) .  The radon concentrations ahown i n  the 
e a r l i e r  tables  a r e  those which best r e f l ec t  the performance of the system i n  
suction under f i n a l  design and operating conditions. 


