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ABSTRACT 

It has been e s t ima ted  t h a t  between 5 and 15% of t h e  e x i s t i n g  United 
S t a t e s  housing s tock  has  e l e v a t e d  indoor  radon l e v e l s .  The United S t a t e s  
Environmental P r o t e c t i o n  Agency (U.S. EPA), United S t a t e s  Department of 
Energy (U.S. D O E ) ,  and numerous o t h e r  p r i v a t e l y  and  pub l i c ly  funded re-  
s e a r c h e r s  have developed and t e s t e d  c o n t r o l  techniques  t h a t  can be retro- 
f i t t e d  i n t o  t h e s e  bu i ld ings .  However, new s i n g l e  and mult i-f ami ly  homes 
a r e  being cons t ruc ted  i n  t h e  United S t a t e s  a t  a r a t e  of almost 1.2 m i l l i o n  
pe r  y e a r ,  o r  s l i g h t l y  more than  1% of e x i s t i n g  housing s tock .  Care should  
be taken t o  ensure t h a t  new bu i ld ings  a r e  cons t ruc t ed  t o  d iscourage  t h e  
e n t r y  of radon, and t h e r e  should be e a s i e r  a c c e s s i b i l i t y  t o  remedia te ,  i f  a 
problem does a r i s e .  T h i s  i s  e s p e c i a l l y  t r u e  of houses being b u i l t  i n  a r e a s  
where indoor radon i s  known t o  present  problems. 

Th i s  paper has  been reviewed i n  accordance w i t h  t h e  U.S. EPA's 
peer  and a d m i n i s t r a t i v e  review p o l i c i e s  and approved f o r  p r e s e n t a t i o n  and 
publ ica t ion .  



INTRODUCTION 

This  paper  i s  a n  overview of c u r r e n t  i d e a s  on c o n s t r u c t i n g  radon- 
r e s i s t a n t  houses. Because t h e r e  i s  no way t o  de te rmine  radon l e v e l s  b e f o r e  
houses  a r e  b u i l t ,  t h e  major d i f f i c u l t y  w i t h  such  a n  e f f o r t  is t h a t  t h e r e  are 
very  l i t t l e  exper imenta l  d a t a  from which t o  draw. At p r e s e n t ,  a few radon- 
r e s i s t a n t  new c o n s t r u c t i o n  r e s e a r c h  p r o j e c t s  a r e  underway i n  v a r i o u s  l o c a -  
t i o n s  a c r o s s  t h e  coun t ry .  The l a r g e s t  i s  t h e  p r o j e c t  being conducted by t h e  
Nationa 1 Assoc ia t ion  of Home B u i l d e r s  (NAHB) N a t i o n a l  Research C e n t e r  (NRC ), 
t h e  New J e r s e y  Department of Community A f f a i r s ,  t h e  New J e r s e y  B u i l d e r s  Asso- 
e l a t i o n ,  t h e  U.S. EPA, and  t h e  New J e r s e y  C e n t r a l  Power and  L i g h t  Company. 
Two o t h e r s  a r e  a l s o  being conducted by home b u i l d i n g  f i r m s :  one i s  i n  con- 
j u n c t i o n  w i t h  NAHB, and  t h e  o t h e r  i s  w i t h  EPA. Another is  a modest e f f o r t  
be ing  conducted i n  New York by W. S. Fleming f o r  t h e  New York S t a t e  Energy 
Research and Development A u t h o r i t y  (NYSERDA) a n d  U.S. EPA. I n  a d d i t i o n ,  
t h e  Radon In format ion  Clea r inghouse  f o r  t h e  home b u i l d i n g  i n d u s t r y  , o p e r a t e d  
by t h e  NAHB NRC and funded by t h e  U.S. EPA prov ides  t e c h n i c a l  s u p p o r t  t o  
b u i l d e r s .  

Because of t h e  d i f f i c u l t y  of a c q u i r i n g  f i e l d  d a t a ,  most i d e a s  f o r  radon 
p r o t e c t i o n  i n  new c o n s t r u c t i o n  are based on  what h a s  been l e a r n e d  from 
s t u d i e s  of e x i s t i n g  houses  and gedankenexperiments (exper iments  c a r r i e d  o u t  
by proposing a  h y p o t h e s i s  i n  thought  o n l y ) .  For example,  a l t h o u g h  t h e r e  are 
no  e x t e n s i v e  f i e l d  d a t a  t o  prove i t ,  i t  i s  hypothes ized  t h a t ,  i f  a n  a i r t i g h t  
b a r r i e r  could be p laced  between t h e  founda t ion  and  t h e  e a r t h ,  no radon c o u l d  
e n t e r  From t h e  s o i l .  The problem i s  t h a t  i t  is  ouch  easier t o  - draw a n  a i r -  
t i g h t  b a r r i e r  t h a n  i t  i s t o  i n s t a l l  one. 

T h i s  paper  w i l l  b r i e f l y  i l l u m i n a t e  t h e  f o l l o w i n g  t o p i c s i n  radon- 
r e s i s t a n t  new c o n s t r u c t i o n :  

S i t e  E v a l u a t i o n  
Preven t ing  Radon Ent r y  
Building-In a S o l u t i o n  
Adoption of Radon-Resis tant  New C o n s t r u c t i o n  Techniques  

SITE EVALUATION 

It has  been e s t i m a t e d  t h a t  between 5 and  15% of t h e  e x i s t i n g  U n i t e d  
S t a t e s  hous ing  s t o c k  h a s  e l e v a t e d  i n d o o r  radon l e v e l s  ( 1  ); howeve r ,  b e i n g  
a b l e  t o  p r e d i c t  whether  a s i t e  w i l l  have a  radon problem b e f o r e  a  house i s  
b u i l t  is extremely d i f f i c u l t .  Attempts have been made t o  u s e  t h e  f o l l o w i n g  
measurement types  as p r e d i  c t o r s :  

o  Soi 1 Radon Concent r a t i o n s  
o  S o i l  P e r m e a b i l i t y  
o  Soi 1 Radi um Concent r a t i o n s  

U n f o r t u n a t e l y ,  no  s t r o n g  c o r r e l a t i o n s  between s i m p l e ,  i n e x p e n s i v e  
measurements and i n d o o r  c o n c e n t r a t i o n s  have been made. Recen t ly ,  b e t t e r  
p r e d i c t i o n s  have become p o s s i b l e  by combining concent  r a t i o n s  and penneabi  l- 
i t i es .  These r e s u l t s  were p r e s e n t e d  e a r l i e r  i n  t h i s  confe rence  (2,3). 



PREVENTING RADON ENTRY 

There a r e  two fundamental approaches t o  radon p ro tec t ion  fo r  new con- 
s t r u c t i o n :  (1)  preventing ent ry  by using physica l  b a r r i e r s  and/or reducing 
the  d r iv ing  f o r c e s ,  and (2)  building-in a so lu t ion .  

As s t a t e d  e a r l i e r ,  i f  an a i r t i g h t  b a r r i e r  could be extended between the  
soi l /bedrock and the  foundation, thus reducing radon en t ry  t o  d i f f u s i o n  
through a s o l i d ,  then l i t t l e  radon would e n t e r  the  bui ld ing from t h e  s o i l .  
The i d e a l  b a r r i e r  would be easy t o  i n s t a l l ,  l a s t  a long t i m e  without  develop- 
i n g  l eaks ,  and be a b l e  t o  s e a l  around penet ra t ions .  

A s i g n i f i c a n t  con t r ibu t ion  t o  s e a l i n g  i s  provided by t h e  foundation 
materials  themselves. Solid concrete provides a good a i r  b a r r i e r  a s  long a s  
i t  does not crack. On the  o ther  hand, uncoated concre te  block wa l l s  have 
s i g n i f i c a n t  a i r  leakage through them even when care  has  been made t o  f i l l  and 
s t r i k e  the  mortar j o i n t s  c leanly .  The problems with using t h e  foundation 
materials  as  the  b a r r i e r  a r e  the  pene t ra t ions ,  j o i n t s ,  and cracks t h a t  may 
develop. There a r e  s i t u a t i o n s  where a small  leakage a r e a  i n  t h e  foundation 
and t i n y  pressure d i f f e r e n t i a l s  can r e s u l t  i n  e levated  radon concentra t ions .  
Walls and s l abs  should be constructed t o  meet s t r u c t u r a l  codes t o  reduce the  
r i s k  of cracking. P l a s t i c  a d d i t i v e s  can limit shrinkage cracks by making 
concrete easy t o  work whi le  using a reduced amount of water. 

Dampproofing coat ings  and membranes t h a t  a r e  normally i n s t a l l e d  f o r  moi- 
s t u r e  cont ro l  a l s o  go a long way toward preventing s o i l  a i r  en t ry .  Coatings 
a r e  usual ly  e i t h e r  cementi t ious o r  organic.  Simple parget  coa t s  t h a t  con ta in  
p l a s t i c  binders s t i c k  we l l  and have some f l e x i b i l i t y .  Because of t h e i r  
g rea te r  e l a s t i c i t y ,  a spha l t  coat ings  a r e  o f t e n  used over parget  coats  t o  span 
cracks. Sometimes p l a s t i c  membranes a r e  used as dampproofing on the  e x t e r i o r  
of foundations and under concre te  f l o o r  s l abs .  On w a l l s ,  polyethylene f i l m  
i s  sometimes s t r e t ched  across the  w e t  asphal t  coat ing.  Under s l abs  a poly- 
ethylene vapor b a r r i e r  i s  f requent ly  used. Although these  f i lms a r e  punc- 
tured  during t y p i c a l  i n s t a l l a t i o n ,  they may have good value i n  spanning 
cracks t h a t  develop i n  walls  o r  f loors .  Other membranes t h a t  a r e  used f o r  
dampproofing a r e  composed of polyvinylchloride (PVC), cross-laminated poly- 
e thylene ,  EPDM, and neoprene. The heavier  membranes a r e  usua l ly  found only 
i n  underground houses o r  commercial construct ion.  

I n t e r i o r  pa in t  o r  s tucco  f i n i s h e s  can a l s o  be used t o  l i m i t  the  amount 
of s o i l  a i r  en t ry .  The amount of b e n e f i t  seems t o  vary with type of p a i n t ,  
t i n e  a f t e r  coat ing ,  and number of coats .  Laboratory specimens have been used 
t o  measure airf low through concrete block wal ls  with var ious  conf igura t ions  
of coat ings.  Leakage through block walls  can be g r e a t l y  reduced by coat ings .  
The EPA pos te r  paper on th>: "Radon Wall Coatings Tes t  F a c i l i t y , "  presented 
yesterday a t  t h i s  meeting, c l e a r l y  demonstrated the  p o t e n t i a l  e f f e c t i v e n e s s  
of coat ings,  although some coat ings ,  such as  l a t e x  p a i n t s ,  may requ i re  th ree  
o r  more coats  t o  provide an adequate s e a l .  



Cracks and p e n e t r a t i o n s  can be sea led  us ing  caulks  and occas iona l ly  
p l a s t i c  foams. The major c racks  i n  foundations t h a t  appear a t  t h e  t ime of 
cons t ruc t ion  a r e  t h e  perimeter  crack a t  s l a b  edges and t h e  c racks  a t  c o n t r o l  
j o i n t s .  Both of t hese  can be t r e a t e d  with a  zip- top expansion m a t e r i a l  which 
e a s i l y  leaves  a  channel t h a t  a pourable urethane caulk can s e a l .  

Pene t ra t ions  can be s e a l e d  us ing  canned foam o r  backer rods  with cau lks .  
Sump holes  should be sea l ed  wi th  a gasketed,  removable cover. French d r a i n s  
o r  per imeter  cana ls  a r e  d i f f i c u l t  t o  d e a l  with i n  new cons t ruc t ion .  Al te r -  
n a t e  drainage methods t h a t  allow f l o o r s  t o  be s e a l e d  t o  w a l l s  (e .g . ,  e x t e r i o r  
c u r t a i n  wall  d ra inage)  should be considered.  Floor d r a i n s  should have water 
t r a p s  and/or  be composed of s ea l ed  s o l i d  pipe. 

A fundamentally d i f f e r e n t  approach t o  prevent ing  s o i l  a i r  e n t r y  is  t o  
reduce t h e  a i r  p ressure  d i f f e r e n t i a l s  between t h e  basement a i r  and t h e  s o i l  
a i r .  It has  been theor ized  t h a t  providing a  c u r t a i n  of a i r  t h a t  i s  vented 
t o  t h e  outdoor a i r  around a  foundat ion would prevent  s o i l  a i r  e n t r y .  The 
dynamics a r e  v i sua l i zed  as be ing  similar t o  having a ho le  i n  a  d r i n k i n g  
straw. Passive vents  would a l s o  allow radon t o  escape by concen t r a t ion  
gradien t-dr iven molecular d i f f u s i o n .  Pressure d i f f e r e n t i a l s  between t h e  a i r  
c u r t a i n  and the  outdoor a i r  would cause outdoor a i r  t o  pass through t h e  
v e n t s ,  lowering the  radon concen t r a t ion  i n  t he  a i r  c u r t a i n .  An a i r  c u r t a i n  - could be made using a  number of commercially a v a i l a b l e  drainage products 
(Figure 1). This method i s  completely u n t r i e d ,  and t h e r e  a r e  no d a t a  on 
which t o  judge i ts  mer i t s .  

BUILDINGIN A SOLUTION 

When condi t ions  a l low,  t h e  most e f f e c t i v e  method of c o n t r o l l i n g  r adon  
i n  e x i s t i n g  houses is  sub-slab s o i l  dep res su r i za t ion .  This  technique t rans-  
f e r s  e a s i l y  t o  new cons t ruc t ion  i n  many s i t u a t i o n s  because it is  wel l  s u i t e d  
t o  drainage systems and i n c l u s i o n  of t h e s e  i s  a recommended p r a c t i c e  i n  many 
a r e a s  of the  country. A l l  t h a t  is involved is  t o  p lace  a l aye r  of permeable 
aggregate  beneath t h e  s l a b  and s e a l  t he  a i r  i n  t h e  l a y e r  away from t h e  base- 
ment a i r  (e.g. , no French d r a i n s  o r  open sunps)  and o u t s i d e  a i r  ( r eve r se  flow 
va lves  on any d r a i n s  t o  d a y l i g h t ) .  This  permeable l a y e r  can be composed of 
#2 s t o n e  ( a s  graded by DOT). In a r e a s  where s tone  is no t  r e a d i l y  a v a i l a b l e ,  
sand and s t r i p s  of dra inage  mat could be t r i e d .  Such systems become even 
more e f f e c t i v e  i f  pe r fo ra t ed  p ipe  is placed around the  i n t e r i o r  per imeter  of 
t h e  foot ing.  Some b u i l d e r s  who do t h i s  b r ing  r i s e r s  i n t o  t h e  basement from 
the  pipe and cap them. This approach is not  recommended, s i n c e  t h e r e  i s  no  
way t o  prevent an occupant from unwi t t ing ly  opening t h i s  cap a t  some l a t e r  
time. It would be much b e t t e r  i n  a  new house t o  run t h e  riser s t r a i g h t  
through a  plumbing chase and vent i t  out  through t h e  roof l i k e  a plumbing 
s t a c k .  This provides pass ive  ven t ing ,  reduces the  r i s k  t h a t  the  vent w i l l  be 



opened t o  t h e  house a i r ,  and makes powering t h e  system a t  a l a t e r  t i m e  very 
simple.  Many of t h e  s e a l i n g  methods descr ibed  e a r l i e r  would improve t h e  
e f f e c t i v e n e s s  of a  b u i l t - i n  sub-slab system. 

Another t ype  of b u i l t - i n  approach i s  t o  p lan  t h e  v e n t i l a t i o n  a s  one  
system and not a s  a number of independent systems. Two ope ra t i ng  p r i n c i p l e s  
he lp  t o  c o n t r o l  radon i n  t h i s  case:  

o  D i l u t i o n  by In t roduc ing  Outs ide  A i r  
o  Reduction of ~ndoor /Ou tdoor  P re s su re  D i f f e r e n t i a l s  

A l l  of t h e  mechanical d e v i c e s  (as  well as s t a c k  e f f e c t )  exhaust  a i r  
from t h e  bui lding.  T h i s  i n c r e a s e s  t h e  e n t r y  r a t e  of s o i l  a i r  and o u t s i d e  
a i r .  Depending on t h e  s o i l  a i r  radon concen t r a t i on ,  t h e  flow r a t e  of s o i l  
a i r  and t h e  flow r a t e  of outdoor  a i r  w i l l  have d i f f e r e n t  e f f e c t s  on t h e  
indoor  radon concen t r a t i on .  

By supplying a i r  from above grade  t o  t h e  bu i ld ing ,  t h e  p r e s s u r e  d i f -  
f e r e n t i a l s  w i l l  be reduced,  t hus  lowering s o i l  a i r  e n t r y .  Moreover, outdoor  
a i r  w i  11 be in t roduced ,  d i l u t i n g  t h e  indoor  radon concent ra t ions .  

A number of approaches could be taken  t o  do  this. Combustion equipment 
i s  a v a i l a b l e  t h a t  has  d e d i c a t e d  o u t s i d e  a i r  supp l i e s .  T h i s  i s  of t e n  a code 
i t e m  f o r  f i r e p l a c e s .  When t h i s  is  done, t h e  e n t i r e  combustion process  i s  
i s o l a t e d  from t h e  house a i r .  T h i s  has  t h e  a d d i t i o n a l ,  and perhaps  more i m -  
p o r t a n t ,  advantage of reducing t h e  r i s k  of downdraf t ing and s p i l l a g e .  Any 
makeup a i r  suppl ied  t o  combus t i o n  devi  ce s  should be i n  compliance w i t h  
mechanical codes and manufac turers '  recommendations. For a i r  exhaust  f a n s  
(ba th ,  laundry,  and k i t c h e n  f a n s  and d r i e r s ) ,  i t  is  b e s t  t o  supply a i r  t o  t h e  
l i v i n g  space ,  no t  d i r e c t l y  t o  t h e  dev ice ,  as can sometimes be accomplished 
w i t h  combustion devices .  

Some manufacturers  a r e  supply ing  pas s ive  a i r  i n l e t s  t h a t  i n c r e a s e  t h e  
above grade leakage a r e a  a s  t h e  bu i ld ing  i s  dep re s su r i zed  by exhaust  dev i ce s .  
T h i s  a l lows  more outdoor  a i r  i n  and reduces,  b u t  does not e l i m i n a t e ,  p r e s su re  
d i f f e r e n t i a l s .  These i n l e t s  can be placed d i r e c t l y  through w a l l s  o r  can be  
ducted t o  t h e  co ld  a i r  r e t u r n  of a warm a i r  d i s t r i b u t i o n  system. Care must 
be taken  with t h e  "through t h e  wall" approach t o  avoid co ld  d r a f t s  t h a t  might 
make people uncomfortable o r  f r e e z e  water  pipes .  A few manufac turers  have 
engineered  c e n t r a l  exhaus t /pas s ive  supply systems f o r  t h e  whole house. 

Another approach t o  supply ing  makeup a i r  t o  houses is  t o  use h e a t  
recovery v e n t i l a t i o n .  T h i s  method c o n s i s t s  of f  an-powered a i r  exhaus t  and 
supply ,  a  d i s t r i b u t i o n  system, and a n  a i r - t o - a i r  hea t  exchanger.  Th i s  method 
h a s  been s t u d i e d  f o r  s e v e r a l  y e a r s  i n  t h e  low energy use  housing f i e l d .  A 
number of manufacturers  supply a good s e l e c t i o n  of components f o r  i n s t a l l i n g  
them, bu t  succes s fu l  a p p l i c a t i o n s  r e q u i r e  c a r e f u l  p lanning  and i n s t a l l a t i o n .  
Such systems have t h e  advantage of a  long t r a c k  record  compared t o  o t h e r  ven- 
t i l a t i o n  methods. 



Vent i l a t i on  systems i n  residences should be planned t o  provide enough 
outs ide  a i r  t o  meet t h e  ASHRAE guidance of 0.35 a i r  changes per  hour  (ACH) 
(4). This  guide can a l s o  be met by us ing  accep tab le  a i r  flow r a t e s  pe r  
person f o r  d i f f e r e n t  types of rooms. Air exchanges of 0.35 ACH can only  be 
e f f e c t i v e  i n  houses t h a t  have low radon source s t r e n g t h s .  It i s  unknown how 
much e f f e c t  lowering t h e  pressure  d i f f e r e n t i a l s  by supplying outdoor a i r  can  
have on radon e n t r y .  

ADOPTION OF RADON-RESISTANT NEW CONSTRUCTION TECHNIQUES 

H m  widely a  recommended p r a c t i c e  becomes adopted depends on a t  l e a s t  
t h r e e  f ac to r s .  F i r s t ,  t h e r e  must be a  reason t o  adopt it. Second, i t  must 
i n t e r f a c e  with a  l a rge  body of e x i s t i n g  bu i ld ing  codes. Third,  b u i l d e r s  must 
l e a r n  t o  apply the  techniques proper ly .  

Reasons f o r  adopting radon-res i s tan t  cons t ruc t ion  p r a c t i c e s  i nc lude  
pub l i c  h e a l t h  and l i a b i l i t y .  This does no t  mean t h a t  such a  p r a c t i c e  w i l l  b e  
widely adopted. Probably only about 10% of t he  United S t a t e s '  housing s tock  
has e leva ted  radon l e v e l s .  This  means t h a t  many new houses w i l l  no t  have  
radon problems using cu r ren t  bu i ld ing  p rac t i ce .  It i s  l i k e l y  t h a t  a  radon- 
r e s i s t a n t  cons t ruc t ion  p r a c t i c e  w i l l  gain acceptance and use only i n  a r e a s  
t h a t  have problems. J u s t  a s  t h e r e  a r e  very few water  dra inage  systems found 
around foundations i n  d e s e r t  communities, radon p r o t e c t i o n  techniques w i l l  
s e e  l i t t l e  use i n  a r e a s  where radon has not been found t o  be a  problem. In 
t h e  Northeast,  with over  100 i n .  of r a i n  per  y e a r ,  d ra inage  d e t a i l i n g  i s  used 
ex tens ive ly  although perhaps not  f r equen t ly  enough. 

There a r e  t h r e e  major model bu i ld ing  codes ,  thousands of code j u r i s d i c -  
t i o n s ,  and t ens  of thousands of bu i ld ing  i n s p e c t o r s ,  f i r e  marshals ,  and insur -  
ance in spec to r s .  It is  important t h a t  a n  emerging bu i ld ing  technology f i t  
i n t o  e x i s t i n g  codes smoothly. Nothing should be recommended t h a t  v i o l a t e s  
e x i s t i n g  codes. Unfortunately,  t he re  i s  disagreement wi th in  t h e  t h r e e  major 
model codes pe r t a in ing  t o  dra inage  systems and t e r m i t e  caps. 

Get t ing t h e  word ou t  t o  b u i l d e r s  concerning proper i n s t a l l a t i o n  t e c h n i -  
ques can be very d i f f i c u l t .  Bui lders  would l i k e  t o  b u i l d  th ings  i n  t h e  b e s t  
w a y  however, t he  i n d u s t r y  i s  very fragmented, c o n s i s t i n g  of a  l a r g e  number of 
smal l  bu i lde r s  and a  small  number of l a r g e  bu i lde r s .  Many of t hese  b u i l d e r s  
do not  belong t o  t r a d e  a s s o c i a t i o n s  and a r e  hard t o  reach with new informa- 
t i o n .  compounding t h i s  problem is the  amount of cons t ruc t ion  informat ion  
t h a t  is  d i s t r i b u t e d  in fo rma l ly  by magazines, newspapers, lumberyards, and 
r e l a t e d  t rades .  

CONCLUSION 

Techniques t o  c o n t r o l  t he  e n t r y  o r  l e v e l  of radon i n  new houses have  
been hypothesized. It i s  no t  easy t o  demonstrate t h e i r  e f f e c t i v e n e s s  i n  t h e  



f i e l d ;  however, one method t h a t  has  t h e  h ighes t  chance of succes s  i s  bu i ld ing  
i n  a  sub-slab d e p r e s s u r i z a t i o n  system. It i s  probably cheaper and e a s i e r  t o  
p r o t e c t  a new house w i t h  sub-slab d e p r e s s u r i z a t i o n  than  i t  i s  t o  do enough 
s i t e  t e s t i n g  t o  e v a l u a t e  t h e  r i s k  of having a  problem. 
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Radium 

Figure 1 .  A drainage mat would create  an a i r  curtain around 
a foundation. 


