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ABSTRACT 

Radon r e d u c t i o n  f i e l d  demonst r a t  i ons  t o  d a t e  have p r i m a r i l y  
emphasized d e p r e s s u r i z a t i o n  o f  s u b f l o o r  and f o u n d a t i o n  areas u s i n g  
e l e c t r i c a l  l y  powered exhaust fans i n  combination w i t h  various configura- 
t i o n s  o f  radon co l l ec t i on  p i p i n g  and discharge stacks* This approach t o  
1 ow c o s t  radon r e d u c t i o n  has general  l y  proven t o  be a re1 i a b l e  tech- 
nique. However, f i e l d  experience d u r i n g  t h e  1970's and e a r l y  1980 's  
i n d i c a t e s  t h a t  pass ive  radon r e d u c t i o n  techn iques  can o f t en  achieve 
d e s i r e d  r e s u l t s  w h i l e  e l i m i n a t i n g  maintenance and o p e r a t i n g  c o s t s  
re la ted  t o  the ac t i ve  radon reduction system techniques. 

This paper discusses t h e  general concepts r e l a ted  t o  pass ive radon 
reduct ion techniques, and s t r uc tu re  charac te r i s t i cs  t h a t  lend themsel ves 
t o  passive reduction are i den t i f i ed .  Data. i n c l u d i n g  gene r i c  p a s s i v e  
radon reduction system designs and re la ted f i e l d  p ro j ec t  experience, are 
presented. 

It i s  concluded t h a t  passive radon reduct ion techniques can p lay  an 
important r o l e  i n  the na t iona l  radon problem. The need f o r  expanding 
t h e  r e l a t e d  f i e 1  d demons t ra t ion  research d a t a  base i s  emphasized. 
F i n a l  ly, t h e  au tho r  concludes t h a t  e s s e n t i  a1 l y  a1 1 e l eva ted  radon 
r e l a t e d  t o  new c o n s t r u c t i o n  can be addressed through cost  e f fec t ive .  
passive radon reduction designs . 



GENERAL CONCEPTS 

THE ROLE CF SEALANTS 

Passive radon reduction techniques that  are designed to depressurize 
substructure areas r e l y  on very sl fght negative pressures and d i  scharge 
s tack  f l o w  r a t e s  as compared t o  fan  ac t i va ted  systems. To assure the 
maxfmun possible depressuri zatfon e f f e c t  o f  the pass ive system, seal ing  of 
a1 1 apparent commun f cat ion routes between the substructure and inhabited 
area should be accomplished. Seal ing should Inc lude  f l o o r  s lab and 
foundat ion w a l l  Joints,  cracks and u t f l  i t y  penetrations, a1 ong wi th  open 
drain sumps and bare s o i l  areas w i th in  the habitable port ion o f  the struc- 
ture. I n  some cases, where basement foundati on wal l  s are constructed wf t h  
concrete masonry units, seal i ng o f  the e n t i  r e  i n t e r f  o r  w a l l  sur face  and 
open block cores a t  the top edge o f  the foundation wal l  may be required. 

Seal ant materi a1 s I ncl ude v a r f  ous caul k ings , c l  osed-cel l  urethane 
foam, and c e r t a i n  p a i n t s  and membrane sheets which have proven t o  be 
e f fec t ive  radon barriers. There are no unique sealant ma te r ia l  requ i re -  
ments re1 ated t o  passive radon reduction sf nce a1 1 seal ant appl icat ions 
are passive, i ncl uding those used i n  conjunctfon wi th  activated systems. 

The effect iveness o f  sealants as a sole radon reduction technique i s  
h igh ly  variable, depending on s i t e  speci f ic s t ructura l  character ist ics and 
the  ex ten t  o f  the  seal ant e f f o r t .  Generally, an indoor radon concentra- 
t l o n  reduction ranging from 5% t o  30% can be expected; thus, sealants have 
a very 1 imited use as the sol e radon reduction technique. 

The concepts o f  sealant appl icat ion used I n  con junc t ion  w i t h  o t h e r  
passf ve radon reduction tec hni ques are discussed be1 ow. 

Reduction o f  Radon I n f l  ux Rate 

By sea l i ng  major radon entry routes, the ra te  a t  which radon enters 
the habitable structure I s  reduced. This i n  t u r n  w i l l  reduce t h e  Indoor  
radon e q u i l i b r i u m  concent ra t ion  by varying degrees, w i th  the net resu l t  
being a lower radon reduction fac to r  required o f  the passive depressur i -  
zat ion system. 

Decoupl ing o f  Substructure Pressure Ff e l  ds 

The most impor tan t  r o l e  o f  seal ants re1 ated t o  use i n  conjunctfon 
with other passive radon reduction techniques i s  to decouple the substruc- 
ture pressure f i e1  ds from the habitable port ions o f  the structure. 



The habitable s t ructure areas typ ica l  l y  have a negative pressure com- 
pared to substructure areas. This i s  a r e s u l t  o f  using various appliances 
and the  indoor  s tack  e f f e c t  (heat  convect ion)  re1 a ted  t o  t h e  heating 
seasons. The goal of decoupl i n g  through use o f  seal an ts  i s  t o  reduce o r  
e l  im ina te  the  d i f f e r e n t i a l  pressure e f f e c t  between the substructure and 
habitable areas. If the decoupl i ng seal  a n t  i s  thorough and e f fec t i ve ,  
changes i n  the habitable area pressures w i l l  n o t  have a s ign i f i can t  e f f e c t  
on the performance o f  the substructure depressurlzation o r  venting system. 

DILUTION VENTILATION 

It can reasonably be stated t h a t  the most expedient radon reduction 
technique available i s  d i l u t i o n  v e n t i l  a t i on .  I f  enough ambient a i r  I s  
in t roduced i n t o  t h e  s t r u c t u r e  areas, essential l y  a1 1 concentrated radon 
can be d i l u ted  to 1 evels resembl i n g  those contained i n  the ambient air .  I n  
the e a r l y  stages of radon reduc t i on  e f f o r t s ,  f a n  a c t i v a t e d  d i l  u t i o n  
systems were demonstrated and used very successful ly (1, 2). 

Passive radon d i l  u t ion vent i l  at ion has a1 so proved to be an e f fec t i ve  
technique i n  reducing the radon re lated r i s k  i n  habitable structures. How- 
ever, the  d i l  u t i o n  technique i s  of ten impractical due to c l  imatic condi- 
t ions and the re1 ated energy/comfort penalty. A d d i t i o n a l l y ,  t h e  e f  fec-  
tiveness o f  passive d i h t i o n  ven t i l a t i on  i s  re la ted  to ambient wind speeds 
and the stack e f f e c t  (heat convection) associated to the house; thus, t h e  
overal l  reduction o f  indoor radon concentrations i s  unpredictable. 

The concepts o f  d i l u t i o n  ven t i l a t i on  are d i  scussed below. 

Habitabl e Area 

Th is  technique cons is ts  o f  opening doors and windows re1 ated to the 
lowest f l o o r  l eve l  o f  the structure. S l i g h t  breezes w i l l  f l u s h  ambient 
a i r  through the  house, o r  the  negat ive  i ndoor  pressure caused by heat 
convection w i l l  draw ambient a i r  I n t o  the structure. It i s  Important  t o  
note tha t  vent i la t ion  o f  the lowest f l o o r  level  o f  the house (normally the 
basement) i s  recommended. I f  t h e  second 1 eve1 i s  v e n t i l a t e d ,  i t  i s  
p o s s i b l e  t h a t  s t rong  winds can pass rap id l y  through the house causing a 
venturi e f f e c t ,  o r  negat ive  pressure, on t h e  bottom l e v e l  which w i l l  
resul t i n  increasing the indoor radon concentration. 

'. 
Crawl space Substructure 

This  concept i s  based on a1 lowing  ambient a i r  t o  pass through the 
crawlspace to d i l u t e  and f lush the concentrated radon from the crawl space 
area. Typica l  foundat ion  v e n t i l  a t i  on l ouve rs  a re  used to accommodate 
ambient a i r  entry i n t o  and through the crawl space. It I s  impor tan t  t h a t  
v e n t i l  a t i o n  l o u v e r s  be located on a l l  foundation walls, and r e t r o f i t t i n g  
new louvers may be required. 



Add i t i ona l l y ,  l ouve r  c losure  mechanisms should be removed t o  
el iminate the poss ib i l i t y  of c losing the louvers and negat ing the  c rawl -  
space d i l  u t i o n  v e n t i l  a t i o n  system. The concept a1 so includes seal ing 
around a l l  f l o o r  penetrations and i n s t a l l i n g  subfloor insulat ion to reduce 
t h e  energy penalty re1 ated to added a i r  flow through the crawl space area. 
Figure 1 shows the d e t a i l s  o f  t h e  crawl space v e n t i l a t i o n  concept. As 
shown i n  t h e  f i gu re .  i t i s  very important t o  I n s t a l l  an appropriate a i r  
b a f f l e  between sub f l o o r  insul  a t ion and the foundation vent i l  a t i o n  1 ouver ; 
t h i s  w i l l  eliminate the p o s s i b i l i t y  o f  sagging insulat ion obstructing the 
vent i lator.  

WIND ASSISTED CONVECT1 ON EXHAUST STACK 

The pr imary component of a l l  passive substructure radon co l lec t ion  
systems i s  the exhaust stack. The concept o f  the exhaust s tack i n c l  udes 
main ta in ing  a h igher  temperature on the stack than the substructure gas 
temperature t o  create a convection stack ef fect.  Additionally, t he  s tack 
i s  topped wi th  a turbine vent i la to r  which increases the draw on the stack 
when the wind i s  blowing. 

To mainta in the d i f f e ren t i a l  temperature between the exhaust and the 
substructure gas, t he  s tack must be i n s t a l l e d  through t h e  s t r u c t u r e  
i n t e r i o r  and extend a.bove the  roo f .  A d d i t i o n a l l y ,  i n  cases where the 
substructure co l lec t ion  system includes p i  pe df  ameters o f  l e s s  than s i x  
inches, an appropriate reducer connection t o  the stack i s  used to increase 
the stack diameter to s fx  inches where p r a c t i c a l .  A s i x - i nch  d i  ameter 
s tack i s  recommended t o  increase the heated surface area which enhances 
the convection e f f e c t  o f  the stack. Figure 2 shows a typ ica l  design o f  a 
passive wind assisted convection stack . 

Another convection exhaust stack concept uses e x i s t i n g  combustion 
appl iance fl ues or  chimneys, and the substructure radon co l lec t ion  system 
i s  simply connected t o  the  e x i s t i n g  stack. Most b u i l d f  ng codes w i l l  
accommodate t h i s  concept i f  the col l ec t i on  system connection i s  made w i th  
metal p i  pe, extending a minimum of  three f e e t  out  f r o m  the  e x i s t i  ng f l  ue 
o r  chimney. 

The substructure radon gas co l lec t ion  system concepts tha t  are typ i -  
c a l l y  used i n  conjunction wi th  the convection exhaust stack are discussed 
be1 ow. Ã̂ 

Subs1 ab Depressuri zation 

This  concept inc ludes  e s s e n t i a l l y  a1 1 techniques cur ren t ly  used i n  
conjunction wi th  fan act ivated systems. The techniques are generally cate- 
gorized as i n t e r i o r  dra in t i 1  e suction, d ra in  sump suction. and aggregate/ 
depression suction. Figure 2 also re f l ec ts  t h e  t y p i c a l  subslab depres- 
sur izat ion system. 



Crawl space Coil ec ti on 

Th is  concept i s  based on i n te rcep t i ng  and co l l ec t i ng  the radon gas 
p r i o r  to entry through the subfloor, and providing gas c o l l e c t i o n  p i p i n g  
w i t h i n  the  area o f  intercept.  The most common appl icat ion o f  t h i s  t e c h  
nique i s  referred to as a  "subliner ven t i l a t i on  system." F igu re  3 shows 
the  concept o f  t h i s  system. As shown, a  radon b a r r i e r  membrane i s  sealed 
t o  t h e  foundat ion wal ls,  and a  c o l l e c t o r  p ipe  i s  placed beneath t h e  
membrane. The co l l ec to r  pipe i s  then connected to an appropriate exhaust 
stack. 

A d i f f e r e n t  appl i ca t i on  o f  the radon gas intercept ion and co l l ec t i on  
concept consists of seal ing the en t i re  sub f l oo r  area w i t h  a  c l o s e d - c e l l  
urethane ( i n c l  ud i n g  t h e  r i m  j o i s t  and foundation ven t i l a t i on  louvers). 
This converts the e n t i  r e  crawl space area i n  t o  a radon c o l l  ec t o r  wh il e 
i n t e r c e p t i n g  radon e n t r y  d i r e c t l y  beneath the subfloor. This system i s  
completed by simply i n s t a l l  ing  a  wind ass is ted  convect ion exhaust s tack  
through the r o o f  and extending i t  beneath the subfloor, and then sealing 
the stac k/urethane t rans i t ion.  

P l  enum Wall Col 1 ec t i o n  

This  concept i s  based on i n te rcep t i ng  and co l lec t ing  the radon gas 
w i th in  a  perimeter w a l l  plenum, and use i s  1  i m i t e d  t o  those cases where 
basement foundat ion  w a l l  s  a re  c l  e a r l y  primary radon contr ibutors* The 
technique i n c l  udes r e t r o f  i tti ng a  metal  s tud  w a l l  around t h e  i n t e r i o r  
perimeter o f  the foundation wal l  w i th  a  perforated co l lec t ion  pipe located 
ins ide the bottom o f  the wall. Figure 4 shows the d e t a i l s  o f  t h i s  system. 
As shown, the  t o p  and bottom o f  the plenum wal l  are sealed i n  channel s, 
and the exposed wal l  surfaces are covered w i t h  a  po lye thy lene sheet and 
f i n i s h e d  w i t h  d rywa l l  to assure the plenum i s  essential l y  sealed. Radon 
i s  col lected i n  the perforated pipe and the co l l ec to r  p i  pe i s  connected t o  
an exhaust stack* 

PRESSURE RELIEF 

Radon reduc t i on  concepts p rev ious l y  discussed may s imp ly  a c t  as 
pressure re1 i e f  systems under c e r t a i n  temperature and wind cond i t ions .  
However, the  pure pressure r e l i e f  concept i s  based on simply making an 
opening i n  a  decoupled substructure to provide a  path o f  ,least res i s tance  
and accommodate radon d i f f us ion  through the opening* A famil i a r  technique 
i s  to decouple the i n t e r i o r  surfaces o f  a  concrete block basement founda- 
t i o n  wa l l ,  d r i l l  ho les i n t o  the cores o f  the top  block course around the 
ex ter io r  perimeter, and i n s e r t  nylon or  p l a s t i c  l o w e r e d  vent  tubes i n t o  
the  holes. Th is  technique i s  no t  widely used, and fu r ther  f i e 1  d  demon- 
s t ra t i on  should be pursued. 



CONS IDERATION OF STRUCTURE CHARACTERISTICS 

Considering the re la t i ve l y  low pressures and gas flow-rates produced 
by the passive exhaust stack, some s t r u c t u r e  c h a r a c t e r i s t i c s  are no t  
conducive to  passive radon reduction techniques. The pr imary s t r u c t u r e  
character ist ics tha t  shoul d be considered as re1 ated to passive techniques 
are discussed below i n  the order o f  significance. 

AVERAGE INDOOR RADON CONCENTRATION 

A1 though i t  has been demonstrated tha t  indoor radon concentrations 
averaging approximately 1,800 pCi/1 can be reduced t o  acceptabl e 1 eve1 s 
us ing r e t r o f i t  passive techniques, the re1 ated costs are unacceptable to 
most property owners (3). 

Experience t o  date i n d i c a t e s  t h a t  passive reduction techniques can 
generally achieve an 80  percent reduction o f  indoor radon concentrations. 
Th i s  reduc t ion  can o n l y  be expected i n  b u i l d i n g s  w i th  s t ructura l  com- 
ponents tha t  are favorable t o  passive reduc t ion  techniques. I n  shor t ,  
passive measures shoul d be considered only f o r  structures w i th  favorable 
component character ist ics and average indoor radon concentrations below 20 
pci  /1 . 
SUBSTRUCTURE STRAT IF IC AT ION 

The basic type o f  subs t ruc ture  has a d i r e c t  r e l a t i o n s h i p  t o  the 
expected cost e f fec t iveness  o f  passive radon reduc t ion  measures. The 
s i g n i f i c a n c e  o f  the  var ious  bas ic  substructure s t r a t i f i c a t i o n s  i s  dis- 
cussed below. 

Crawl space 

Bui 1 dings w i  t h  f u l l  crawl space substructures are probably the most 
conducive to  passive measures. I n  cases where the crawl space foundat ion 
wal l  extends above ex ter io r  grade, 1 ouvered d i l u t i o n  vent i la t ion  combining 
subfloor insulat ion and seal ing  i s  appropriate. However, i n  cases where 
the  foundation wal l  i s  a t  o r  below ex ter io r  grade, o r  when deal ing w i th  a 
severe winter c l  imate, the sub1 i n e r  ven t i l  ation/exhaust stack technique i s  
appropr ia te.  These considerations apply t o  both ex is t ing  ( r e t r o f i t )  and 
new structures. '. 

Bui 1 d i  ng s wi th  crawl space combined wi t h  other substructure types are 
generally 1 ess des i  r a b l  e f o r  passive radon reduc t i on  measures. Such 
bui 1 dings shoul d be considered only i f  visual inspection Indicates reason- 
able assurance tha t  t h e  crawl space can be complete ly  decoupled ( u s i n g  
seal an t  techniques) from the other substructure components. Addit ionally, 
diagnostics should conclude tha t  the crawl space p o r t i o n  o f  the  b u i l d i n g  
represents a s i g n i f i c a n t  radon source p r i o r  t o  commencing reduc t i on  
ef for ts .  



Water1 ines and furnace due l i n g  1 ocated w i th in  the crawl space are a1 so 
o f  concern. The decoupling e f f o r t s  associated wi th  d i l u t i o n  v e n t i l a t i o n  
must i nc lude  i n s u l a t i o n  o f  wa te r l i nes  and furnace ducting, along w i th  
sealing o f  a l l  duct seams and jo in ts .  

Ba semen t 

Bui 1 d ings w i  t h  un f i  nished f u l l  basements are general l y  conducive to 
passive radon reduction methods. The primary cons idera t ions  r e l a t e d  t o  
such b u i l d i n g s  are  the design and st ructura l  condit ions o f  the f l o o r  and 
perimeter foundation wall s. If sign i f i can t  s t ruc tura l  cracking ex is ts  , o r  
i f  excessive expansion and c o n s t r u c t i o n  j o i n t s  are present, the e f f o r t  
related to decoupl i n g  o f  the substructure can be excessive, and pass ive  
measures w i l l  not  be cost  e f fect ive.  

But1 dings w i  t h  g l  ue-down f l  oor  cover ings o r  f u r r e d  and covered 
foundation wa l l s  should genera l l y  be avoided. Such b u i l d i n g s  do n o t  
accommodate cost e f fec t i ve  decoupl ing of the substructure, and the success 
o f  passive reduction methods would be quest ionable due t o  unknown f l o o r  
and foundation condit ions . 

Bui 1 d ings where basement i s combined wi th  other substructure types 
should a1 so genera l l y  be avoided. Sound judgment must be a p p l i e d  
regard ing the  a b i l  i t y  t o  decoupl e t h e  d i f f e r e n t  substructures. If de- 
coupling i s  judged to be achievable, each substructure type can be treated 
pass i ve l y  w i th  appropriate indiv idual techniques. However, i n  most cases 
costs re1 ated t o  passive treatment o f  canbi nation subs t ruc ture  types  a r e  
excessive and such e f f o r t s  should no t  normally be considered. 

Bui 1 d i  ng s w i  t h  f u l  1 s l  ab- on- grade concrete f l oors are not general 1 y 
conducive t o  r e t r o f i t  pass ive radon reduc t i on  techniques. This  i s  t h e  
resul t o f  such b u l l  dings being compl ete l  y f i  n i  shed w i  t h  numerous p a r t i  ti on 
walls and f l o o r  coverings throughout. However, i n  cases where s t r u c t u r a l  
i n fo rma t ion  concluding t h a t  the  f l o o r  s lab i s  a monolithic (continuous 
pour with thickened edge foot ing) design i s  o b t a i  nab1 e, pass ive subs1 ab 
depressurization techniques are appropriate as discussed 1 ater. 

Buildings where sl ab-on-grade i s  combined w i t h  o t h e r  subs t ruc tu re  
types should generally be avoided as previously re la ted to other substruc- 
t u re  type combinations. 

FLOOR SLAB AND FOUNDATION /FOOT1 NG DESIGN 

I n  addit ion to the s t ruc tura l  condi t ion o f  t h e  e x i s t i n g  f l o o r  s l a b  
and foundat ion, t h e  bas i c  designs o f  these components p lay  an important 
r o l e  i n  passive radon reduction considerations fo r  both e x i s t i n g  and new 
bui 1 dings. 



I n  a1 1 cases, the design must include a porous subs1 ab f i l l  material 
which i s  f ree from clay and extremely f ine s o i l  p a r t i c l e s ;  washed, 3/40 
i n c h  stone i s  i dea l  . It i s  important to gain reasonable assurance t h a t  
the subslab f i l l  w i l l  allow radon gas to f reely  pass through the material, 
and i f  t h i s  assurance cannot be made, passive radon reduction considera- 
t fons should be abandoned. 

The basic s lab and foundat ion / foo t ing  design i s  a1 so an important 
consideration. The basic designs t h a t  a re  commonly used and t h e i r  con- 
siderations are discussed be1 ow. 

Mono1 i t h i c  

This  design i s  a continuous pour concrete slab w i th  thickened edges. 
The thickened edges t y p i c a l l y  i n c l  ude s tee l  re in forcement  rod, and they  
are  designed as the  s t r u c t u r a l  bearing footing. This design e l  iminates 
the f loor/wall t r ans i t i on  j o i n t  which i s  one o f  the roost s ign i f i can t  radon 
e n t r y  rou tes  i n  basement and s l  ab-on-grade substructure types. I n  the 
case o f  basement substructures, a neoprene waterstop i s  i n c l  uded around 
the  per imeter dur ing  pouring; t h i s  accommodates a water/gas seal a t  the 
cold j o i n t  related to the foundation wall t h a t  i s  constructed a f t e r  t h e  
monol i t h i c  slab. 

The monol i t h i c  s l  ab/footing design i s  normally the most desirable f o r  
passive radon reduction measures. This observat ion 1 s appropr ia te  f o r  
both ex is t ing ( r e t r o f i t )  and new construction. 

Slab over Footing or  Stemwall 

This  design consists o f  p l  acing a bearing foot ing (including a stem- 
wall fo r  cer ta in  s l  ab-on-grade substructures), and then p l  acing the  f l  oo r  
s l  ab per imeter  t o  t h e  p o i n t  o f  the p l  anned foundation o r  perimeter wal l  
exter ior;  t h i s  resu l ts  i n  capping over the top o f  the foot ing o r  stemwall 
w i  t h  the f l  oor s l  ab . This design a1 so e l  iminates the fl oor/ wall  t rans i -  
t i o n  j o i n t .  The pr imary use o f  t h i s  design i s  i n  areas where l o c a l  
bu i l  ding codes require a bearing foot ing depth tha t  i s  s ign i f i can t l y  be1 ow 
the planned concrete f l o o r  leve l ,  thus render ing  the  monol f t h f c  des ign 
inappropriate. 

This design i s  a1 so very conducive to passive radon reduct ion methods 
since the f loor/wal l  j o i n t  radon entry route i s  eliminated. This observa- 
t i o n  i s  a1 so appropriate f o r  both ex is t ing and new construction. 

F l  o a t i  ng Sl ab 

Th is  design cons i s t s  o f  p lac ing  the  bear ing  f o o t i n g  and stem o r  
foundation wall p r i o r  t o  placing the f l o o r  slab. The basement foundat ion  
o r  sl ab-on-grade perimeter wal l  s are p l  aced d i r e c t l y  on top o f  the foot ing 
o r  stanwall. The f l o o r  s lab per imeter  i s  then abut ted t o  the  stem o r  



foundat ion w a l l  , an expansion j o i n t  mater ia l  o r  "french drain" opening 
generally separates the wa l l / f loor  t rans i t ion.  This design accommodates a 
separat ion o f  t h e  f l o o r  s lab  from t h e  pe r ime te r  wa l l ,  and i t  a l lows 
ve r t i ca l  movement o f  the slab without a f f e c t i n g  the bear ing  s t r u c t u r e  o f  
the  b u i l d i n g .  The design i s  commonly used throughout the country; how- 
ever, use i s  pr imar i ly  based on h a b i t  as opposed t o  ac tua l  eng ineer ing  
needs. Many areas are no t  prone t o  s o i l  movement as a r e s u l t  o f  tempera- 
t u re  change or  s o i l  moisture conditions. Even i n  areas w i th  adverse s o i l  
cond i t ions ,  the  mono1 i t h i c  o r  s l  ab over  foot ing/stemwal l  designs have 
proved t o  be appropri ate. 

Th is  " f l  oating" s l  ab design i s  the l eas t  desirable f o r  passive radon 
reduction techniques ; t h e  f i n i s h e d  s t a t e  o f  i n t e r i o r  per imeter  w a l l  s 
reduces the  ab il i ty  t o  decoupl e the substructure due to the f l  oor/ wall 
t r ans i t i on  jo in t .  However i n  t h e  case o f  u n f i n i s h e d  basement substruc-  
tures,  the  t r a n s i t i o n  j o i n t  can be sealed, and the primary consideration 
regarding passive radon reduction becomes the cost o f  j o i n t  seal i n g  COP 
pared t o  no j o i n t  seal ing wi th  a fan act ivated system. 

Basement Foundation Wall Material s 

Basement foundat ion  w a l l  mater ia l  types commonly used vary by geo- 
graphical area. The material types r e l a t e d  t o  pass ive radon r e d u c t i o n  
considerations are as f o l l  ows : 

Poured Concrete - clea r l y  the most conducive t o  passive systems. 

Concrete Block - not  conducive t o  pass ive systems unless d i a g n o s t i c s  
c lea r l y  reveal t h a t  the wal l  s are not  s ign i f i can t  radon entry  routes. 

F ie ld  Stone - moderately conducive t o  passive systems based on 1 i m i  t e d  
experience ind icat ing i n s i g n i f i c a n t  radon ent ry  through the walls. 

Pressure Treated Wood - conduc i v e  t o  pass ive systems when p r o p e r l y  
construc ted wi t h  waterproof sheet material surrounding outside; longevi ty 
o f  water/gas-proof ing can be quest ionable,  and f i e l d  experience I s  
extremely 1 imited. 

Other Sub-Slab Features 

Present ly,  there i s  no t  a s ign i f i can t  data base regarding the e f f e c t  
t ha t  sub-slab a i r  ducts o r  f l o o r  drains have on passive radon r e d u c t i o n  
systems. It i s  l o g i c a l  t o  assume t h a t  these fea tu res  w i l l  adversely 
a f f e c t  the 1 imited pressure d i f f e r e n t i a l  provided by the  passive exhaust 
stack. Unl ess the ducts and f l o o r  dra in can reasonably be decoupl ed from 
the sub-sl ab f i l l  ma te r ia l s ,  b u i l d i n g s  w i t h  these fea tu res  should be  
avoided. However, f i  e l  d demonstrations cu r ren t l y  i n  progress may prove 
tha t  passive radon reduction techniques can be e f f e c t i v e  i n  bui ld ings w i th  
these features, thus, the current advice o f  avoiding the bu i l  dings may be 
unnecessary . 



FIELD EXPERIENCE 

Pr ior  to general recognit ion o f  the na tura l l y  occurring radon problem 
i n  hab i tab le  s t r u c t u r e s  dur ing  t h e  w i n t e r  o f  1984/1985, considerable 
indoor radon reduction work had been accompl i shed i n  a p roduc t ion  mode. 
Th is  work commenced i n  1973 w i th  the Grand Junction Uranium M i l  1 Tai l  ings 
Remedi a1 Action Program. It continued through contaminated r a d i  urn s i t e  
work i n  Denver, Col orado and Gl en Ridge/Montcl air/West Orange, New Jersey; 
the rec l  aimed phosphate 1 ands i n  Fl orida ; the Radiation Reduction Program 
i n  Canada; and the na tura l l y  occurring radon problem i n  Butte, Montana and 
Sweden. 

Commencing i n  e a r l y  1985, concerted radon reduc t i on  e f f o r t s  were 
undertaken i n  the form o f  both "demonstration" and production work re la ted  
t o  the  Reading Prong geological area i n  the eastern United States. This 
e f f o r t  has continued t o  expand, and a s i g n i f i c a n t  f i e l d  demonstrat ion 
radon reduc t ion  data base has been devel oped. However, fan activated 
radon reduction techniques have been the primary method used I n  t h i s  da ta  
base, and data re1 a t i ve  t o  passive methods are rather 1 imited. 

An overview o f  the various passive radon reduc t i on  f i e l d  p ro jec ts ,  
f o r  which the author has f i r s t -  hand know1 edge, i s  presented be1 ow. 

GRAND JUNCTION URANI UM MILL TAILINGS PROJECT 

Commencing i n  March 1973 and con t i nu ing  through December 1987, 
approximately 601 structures underwent remedi a1 act ion.  I n  essen t i  a1 l y  
a1 1 cases the structures were included f o r  remedial act ion on the basis o f  
e l  evated annual average indoor radon progeny concentrations. The program 
remedial a c t i o n  c r i t e r i a  r e l a t e d  t o  indoor radon/radon progeny was 0.01 
working 1 eve1 (WL) above normal background, and t h e  normal indoor  back- 
ground was determined t o  be 0.007 WL; hence, t he  gross annual average 
indoor radon progeny c r i t e r i a  was 0.017 WL. 

The pr imary radon reduction method used was source material removal . 
However, complete source ma te r ia l  i d e n t i f i c a t i o n  and removal was n o t  
achievable i n  many instances, and f u r t h e r  radon reduction was achieved 
with passive methods as summarized below. 

Ã  ̂

The Seal ant Demonstration Program (4 ) 

Through a subcontract  w i t h  the  Colorado State University, a f i e l d  
sea lan t  demonstration was conducted i n  the  Grand Junc t ion  area from 
September 1973 through August 1974. A t o t a l  o f  15 single-family basement 
type homes, with source material e i ther  below the f l o o r  slab or  conta ined 
i n  the concrete mix o f  the f l o o r  s l  ab and foundation wal l  s were included 
f o r  demonstration. 



The seal ant used was a resin base t w o - p a r t  epoxy, and the entire 
floor sl ab and inter ior  perimeter foundation wall were general ly  corn- 
pl etel y coated w i  t h  the seal ant to  the extent possible i n  a remodel1 
retrofit  situation. There was no attempt made to remove the radon source 
material re1 ated to the demonstration houses . 

The pre and post sealant annual average indoor radon progeny con- 
centrations were measured w i t h  Radon Progeny Integrated Sampl ing Units. 
Results of this demonstration are  summarized i n  Table 1 ; the measured 
radon progeny concentrations have been converted to equival ent radon 
assuming a progeny equilibriun state of 50%. 

Costs of the demonstration seal ant appl ications ranged from $1,500.00 
to  $6,300.00 per house. Considering these costs related to the option of 
source removal , the seal ant technique was deemed appropriate for cases 
where source materi a1 was i n  the basement foundation wall s. 

On the basis of the demonstration, 40 additional basement residences 
underwent floor and foundation seal ant. Initi a1 100-hour post seal ant a i r  
sampl i n g  indicated tha t  indoor radon was successful ly reduced to level s 
below the project cr i ter ia  (3.4 pCi11) i n  a l l  cases. However, long-term 
annual average sampl i ng reveal ed tha t  about 40% (22 residences) of the 
total seal ant locations. ultimately exceeded the indoor radon c r i  t e r i  a. 
Investigations reveal ed tha t  structural  movement had caused seal ant 
failure i n  some cases, and i n  other cases, pressure gradients simply 
a1 lowed the radon t o  seek new i nfl ux routes i n  areas where i t  was n o t  
practical to apply sealant. 

In summary, i t  was determined that  the epoxy seal ant technique i s  
unreliable, and routine use of the technique was abandoned. 

Other Passive Radon Reduction Experience 

Other passive radon reduction techniques were successfully used i n  
appropriate cases as sunmarized i n  Table 2. In most cases, the technique 
was appl ied a f t e r  source removal fa i led  to  achieve the desired indoor 
radon concentration reduction and pre-remedi a1 concentration ranges shown 
are those remaining just prior to the passive reduction effort. 

BUTTE, MONTANA SILVER BOW HOMES PROJECT >> 

In 1981, the Pub1 ic  Housing Authority of Butte, Montana determined 
t h a t  the Silver Bow Homes (a low-income housing project managed by them) 
had el ev ated radon concentrations resul ti ng from natural mineral ization . 
The housing consists of 18 two-story buildings w i t h  s i x  apartments i n  each 
buil d i n g .  The b u i l  d ing  substructure I s  a crawl space w i t h  steam heat and 
water l ines  located w i t h i n  the crawlspace. The crawlspace of each 
bui1 ding i s  divided into three cel ls  by concrete foundation walls. 



The radon reduc t i on  technique app l i ed  t o  the 18 bui ld ings was the 
subliner vent i la t ion  system. The en t i re  subfloor area, piping, and vent i -  
l a t i o n  louvers  were sealed w i t h  spray-on, c losed-ce l l  urethane w i th  a 
minimum 2-inch thickness. Wind assisted convect i o n  exhaust s tacks were 
i n s t a l l e d  through the  s t r u c t u r e  roo f  and extending i n t o  each crawlspace 
ce l l .  This technique resul ted I n  convert ing the  crawlspaces i n t o  radon 
accumul a t o r s  w i t h  the  hab i tab le  p o r t i o n  o f  t h e  s t r u c t u r e s  completely 
decoupled frun the substructure. 

The resul  t s  o f  t h i s  p r o j e c t  are summarized i n  Table 3. The radon 
concentration range data 1 i s t e d  f o r  each bu i ld ing  represents the g r a d i e n t  
between each o f  the s i x  apartments contained i n  the building. Original 
indoor radon concentrat ions ranged from 3 t o  26 p C i / l  and pos t  radon 
reduc t ion  measurements ranged from 0.4 t o  2.8 pCi/1 (as converted from 
160-hour Radon Integrat ing Progeny Sampl ing  Unit  measurements). 

It i s  i n te res t i ng  to note tha t  post remediation radon concentrations 
wi th in  the crawl space accumulation areas measured up t o  450 pCi/1 . This  
c o n d i t i o n  was n o t  considered s i g n i f i c a n t  s ince  forced a i r  ven t i l a t i on  
(through access doors) readi ly  reduced the concentrat ions t o  acceptabl e 
1 eve1 s on those occasions when maintenance of s u b f l  oor u t i l  i t i e s  was 
necessary. 

I n  summary, t h i s  r a d o n  reduc t ion  pro ject  was very successful. The 
primary value o f  the technique used i s  i n  areas where winter temperatures 
are severe and crawl space d i l  u t ion i s  not  desirable. 

PENNSYLVANIA DISCOVERY HOUSE PROJECT (3 ) 

I n  the spr ing  o f  1985, a passive radon reduction demonstration was 
conducted a t  the residence where the  i n i  t i  a1 na tu ra l  radon probl  em was 
discovered I n  Pennsyl vani  a. The demonstration was funded by the Phil a- 
delphia Elect r ic  Company, and the i n t e n t  was to demonstrate t h a t  t he  most 
severe case o f  e l  evated radon coul d be remediated, thereby assuring tha t  
essent ial ly a11 e l  evated homes could be deal t  w i t h .  

The house had several  s t r u c t u r e  cha rac te r i s t i cs  tha t  accommodated 
excessive radon entry. The concrete block foundation wall had s t r u c t u r a l  
c rack i  ng and evidence o f  water  seepage, and the  basement and on-grade 
f l oo r  slabs were placed d i r e c t l y  on bedrock i n  thicknesses from 1 i n c h  t o  
3 inches wi th  s ign i f i can t  s t ructura l  cracki ng evident. 

The radon reduc t i on  techniques used inc luded  excavat ion o f  t h e  
e x t e r i o r  foundat ion t o  accommodate i ns ta l  l a t i o n  o f  a "radon proof" mm- 
brane and f o o t i n g  water drainage system; removal o f  t h e  basement and 
on- grade f l  oor s l  ab s and excavating bedrock t o  a depth o f  about 8 inches 
to accmodate p lac ing washed stone subslab f i l l  ; i n s t a l l i n g  i n t e r i o r  
per imeter  f o o t i n g  perforated pipe loops i n  the basement level  and i n  the 
on-grade l e v e l  subslab f i l l ;  connect ing each subslab p ipe  loop t o  a 



separa te  wind a s s i s t e d  convection exhaust stack; p lac ing  a "radon proofn 
membrane over the  subslab f i l l ;  and p l a c i n g  new 5-1/2- inch t h i c k  f l o o r  
s lab i n  the basement and on-grade areas. 

This passive radon reduct ion demonstration successfu l  l y  1 owered t h e  
i n d o o r  radon c o n c e n t r a t i o n  f r om about 1,800 pC i / 1  t o  1.4 p C i / l .  The 
i n i t i a l  post-remedial indoor radon measurements were t a k e n  over  a 13-day 
p e r i o d  w i t h  t h e  house c l osed  and unoccupied. A f t e r  t h i s  I n i t i a l  moni- 
t o r i  ng, and as the heat ing season commenced, i n t e r m i t t e n t  e levated I ndoor 
radon concen t ra t i ons  t o  about 30 pC i /1  were observed which resu l ted i n  
p lac ing  an ac t i va ted  fan i n  the  on-grade area radon exhaust stack. On an 
annual average basis t h i s  f a n  may not be needed; however, i t  has proven t o  
be capable o f  maintain ing indoor radon concentrat ions t h a t  are consistent-  
l y  below the 4 pCI/1 c r i t e r i a .  

NORTHERN MARYLAND DEMONSTRATION PROJECT 

Commencing i n  t h e  f a 1  1 o f  1987, t he  U. S. Environmental Protect ion 
Agency (EPA) undertook a radon reduction demonst r a t i o n  p ro j ec t  i n  northern 
Mary1 and as pa r t  of t h e i r  cont inuing e f for ts  t o  develop re1 i a b l e  low-cost 
techniques. The primary t h r u s t  o f  t h i s  p r o j e c t  i s  t o  pe r f o rm  research  
re1 a ted  t o  pass i ve  radon reduc t i on  methods and t h e i r  p rac t i ca l  appl ica-  
t i on .  

To date, pass i ve  radon reduct ion techniques have been appl ied t o  13 
residences. Since the  p ro j ec t  i s  cu r ren t l y  i n  progress, re la ted  data have 
n o t  p r e v i o u s l y  been reported, i t i s  of a pre l iminary  nature, and changes 
i n  both r e d u c t i o n  system des igns and l ong - te rm  pos t  m i t i g a t i o n  radon 
concentration/effectiveness eval uat ions are  1 i ke ly  . 

Table 4 summarizes the  p r e l  iminary data re1 ated t o  the  passive demon- 
s t  r a t i o n  po r t i on  o f  t h i s  pro jec t .  The p re l  iminary data ce r t a i n l y  support 
the  important r o l e  t h a t  decoupl i ng of s u b s t r u c t u r e  p ressu re  f i e l d s  and 
s t r u c t u r e  c h a r a c t e r i s t i c s  have i n  success fu l  pass i ve  radon reduct ion 
techniques. St ruc ture  d iagnos t i cs  c u r r e n t l y  i n  p rogress  I n d i c a t e  t h a t  
decoupl i n g  o f  b l ock  basement f o u n d a t i o n  wa l l s  w i l l  be required i n  most 
cases, and t h a t  subslab f i l l  m a t e r i a l  w i t h  l ow  p e r m e a b i l i t y  shou ld  be 
avoided. 

In t h e  au thor ' s  opinion, pre l iminary  data re la ted  to, t h i s  demonstra- 
t i o n  c l e a r l y  i nd i ca te  t h a t  passive radon reduct ion techn iques  can p l a y  a 
r o l e  i n  our n a t i o n a l  radon reduc t ion  work. However, it i s  important t o  
continue development o f  a demonstration data base t o  b e t t e r  understand t h e  
underlying reasons f o r  success and f a i l u re .  



CAREFREE, ARIZONA NEW RESIDENTIAL CONSTRUCTION PROJECT 

I n  January 1988, a project was undertaken t o  evaluate open 1 and and 
indoor  radon r e l a t e d  t o  a planned major r e s i d e n t i a l  development near 
Carefree, Arizona. Need f o r  t h i s  project was i n d i c a t e d  by cursory  open 
1 and gamma surveys, performed wi th a portable gamma s c i n t i  1 lometer, t ha t  
revealed surface soi  1 measurements about t w o  times unormalu background (20 
URIhr). 

The na tu ra l  s o i  1 s i n  the area are decomposed, granular grani te w i th  
grani te outcroppings on some small h i 1  1s and g r a n i t e  boulders randomly 
located on surface areas . The p l  anned structures were s l  ab-on-grade w i th  
poured concrete f o o t i n g s  and stemwal l s ,  and t h e  s lab  design i nc luded  
per imeter  expansion j o i n t s  ( f l o a t i n g  s lab) .  The open land and indoor 
radon studies, along w i th  re1 ated radon reduc t i on  design techniques a r e  
discussed be1 ow. The information presented i s  previously unreported; and 
i t  was produced fo r  a pr ivate c l ien t .  

Open Land Eval ua t i  on 

The e levated gamma was conf i rmed t o  be about two t imes "normaln 
background on surface areas as w e l l  as a t  t h ree  f e e t  deep ( t h e  planned 
f oo ti ng depth). Soi l  samples were col lected and analyzed f o r  radium-226, 
t ho r i  um-232, and potassi um-40. Analytical resu l ts  f rom t h e  s o i l  samples 
are  presented i n  Table 5. The data indicate tha t  radium-226 concentra- 
t ions are within the range o f  "normal" background w i t h  r e s u l t s  rang i  ng 
from 0.8 t o  4.5 pCi/g. However, the potassium-40 concentrations are from 
two t o  four times "normal" background with r e s u l t s  rang ing  from 21.9 t o  
42.2 pCi /g. 

The s o i l  sample data s t r o n g l y  suggest t h a t  the open land elevated 
gamma i s  the resu l t  o f  abnormal potassi um-40 concentrations, and t h a t  t h e  
radium-226 concentrations i n  the area are o f  no undue concern w i th  respect 
t o  indoor radon. On the basis o f  these data, it was decided t h a t  a model 
home woul d be constructed , using p l  anned design, t o  accommodate fu r ther  
eval uation o f  the e l  evated I ndoor radon potenti a1 . 
Model Home Eval uation 

A f i n i s h e d  model home was evaluated to determine 4.f radon reduction 
design should be considered f o r  f u tu re  s t ruc tures .  Tracer gas s tud ies  
reveal  ed excel 1 en t  subs1 ab communication w i t h i n  t h e  ABC f i l l  material 
used. Radon "grabu sampling was performed w i t h  the house unoccupied, and 
w i th  the heating and a i r  condit ioning systems both o f f  and operating. The 
data indicated tha t  elevated indoor radon ( t o  6.5 pCi/1) was present w i t h  
the house heating system operating f o r  a 14-hour period, and tha t  elevated 
radon was not present wi th  the hea t ing  system o f f  f o r  a 14-hour p e r i o d  
( indoor  temperature lower than outdoor).  Table 6 presents t h i s  radon 
data. 



O n  t he  bas i s  o f  t h e  i n i t i a l  model home evaluation, radon reduction 
f loor  slab design changes were made* These changes i n c l  uded poured con- 
c r e t e  block-outs beneath t h e  bathtub and shower, caulking u t i l i t y  l i n e  
penetrations, and eliminating the perimeter expansion jo in t  by pouring the 
s l a b  over t h e  t o p  of t h e  stemwalls. Add i t iona l ly ,  perforated 4-inch, 
f l e x i b l e  pipe was placed i n  t h e  subs lab  f i l l  and capped o f f  a t  the 
finished f loo r  level as an added "insurancen pol icy. 

A model home was constructed including the f loor  slab radon reduction 
design changes. Radon "grabn sampl ing was performed under identical 
conditions and from the same locations a s  those performed a t  t h e  ini t i  a1 
model home. The subs1 ab depressu r i za t ion  sys  tern remained inoperable 
duri ng the eval uation. The resulting data c lear ly  i ndi ca t ed  t h a t  i ndoor 
radon was reduced t o  acceptable level s (2.3 pCi/1 with s t ructure heated). 
Tab1 e 6 presents the radon data related to this home evaluation. 

This r e s i d e n t i a l  development is continuing w i t h  the radon reduction 
f l o o r  s t  ab des ign changes. However, t h e  subs1 ab per fora ted  pi pe 
insurance" has been el iminated. 

CONC LUS IONS 

Available information clear ly indicates tha t  passive radon reduct ion  
can p l  ay an important  r o l e  i n  deal ing w i t h  the national radon problem* 
Certain s t ructure charac ter i s t ics  are conducive t o  passive techniques, and 
i t  is important t o  continue expansion of the f i e l d  demonstration data base 
t o  accommodate appropr i a t e  understanding and app l i ca t ion  of pass ive  
measures. 

I t  i s  t h e  a u t h o r ' s  opinion t h a t  e s s e n t i a l l y  a1 1 new construction 
coul d be mai ntai ned be1 ow acceptable indoor radon concen t ra t i  ons through 
pass ive  reduct ion des igns .  The reduct ion  designs primarily consis t  of 
qua1 i ty construction practices w i t h  m i  nor re1 ated cos t  increase. 
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Figure 1. Foundation vent de ta i l  



Figure 2. Wind assisted convection stack 

Figure 3. Crawlspace subl iner v e n t i l a t i o n  
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Figure 4. Plenum wall collection system 



Source Location Area( s) Seal ed 
House kinder I n  1n 
I.D. Sl& Fomdatlon Floor Mal ls - -  - 

Wall sealed as second work phase when f l o o r  seal an t  a1 one f a l l  ed t o  
achieve reduction goal. 

t Add i t iona l  work phase seal ing wall o r  f l oo r  t ha t  was l e f t  unsealed recan- 
mended. 

a=aaauasna~nn=an~naanxna=naa==a=a=sa=s~zss=aaa~s=aaaaa~a==aa=a==aaassaaasxn= 

Radon Concentration Ranae 

Technique 

Crawl space dl1 u t fon 

Crawl space sil>1 i ne r  
r e t r o f i t t e d  stack 

- 
Number o f  (pCi/ l )  
S t r u  tures Pre- remed i a1 Po st- remed la1 

vent w i t h  
8 6 .3-18.1  1 . 1 - 2 . 9  

>1 
Plenun wall wtth r e t r o f i t t ed  
stack 10 5.1- 8.3 1 .9 -3 .0  



TABLE 3. SILVER BOW HOMES RADON REDUCTION RESULTS* 

Bui lding No. 
1 
2 
3 

4 

Radon Concentrat ion Range (pCi/1) 
Pre-remedial Post-remedial 
4.9 - 11.6 1.4 - 1.8 
5.3 - 14.7 0.8 - 2.8 
6.0 - 13.3 0.9 - 1.5 
3.8 - 10.4 0.6 - 1.2 
2.5 - 8.6 0.8 - 1.8 
2.1 - 7.0 0.4 - 0.9 
3.5 - 9.6 0.6 - 1.0 
5.9 - 17.0 1.2 - 2.4 
4.5 - 16.5 1.1 - 1.8 
4.0 - 12.1 0.9 - 1.6 
3.8 - 8.5. 0.8 - 1.4 
5.8 - 16.0 0.9 - 1.8 
6.0 - 28.5 1.1 - 4.0 

3.6 - 11.5 0.6 - 0.9 

These data are unpublished, and related work was o f  a production nature as 
opposed t o  demonstration o r .  research. 

s o x x ~ n s n n s n n x ~ n x a x ~ n x x x x n n ~ i ~ s x n x x n ~ s n ~ ~ ~ ~ m ~ ~ x ~ o ~ ~ ~ n m ~ m o n n ~ ~ . .  

TABLE 4. PRELIMINARY PASSIVE RESULTS OF NORTHERN MARYLAND DEMONSTRATION 
m a m m a a x o ~ ~ m m m m ~ m ~ = m s x x x a a m = m ~ ~ ~ s m a a a s a a x ~ m a ~ ~ ~ x = n ~ a a a s = ~ ~ ~ ~ m ~ m ~ = ~ = ~ ~ m = ~ m ~ ~ = ~ ~ ~ ~ a ~ m  

House Radon Concentrat ion (pCi/ 
I .O. Substructure Tyoe Reduction Technique - he-remedi a1 Post-reined1 

004 Basement, poured Subs1 ab depressure, 24-64 CC) 9.1 (AT) 
foundation 2 suction points, 21-33 h 

1 r e t r o f i t  stack 35-44 P 4-19 (P) 

008 Basement, poured Subslab depressure, 12-65 (CC) 
foundation, slab- basement only, 13-18 (G) 
on-gradeextension 1suc t i onpo in t ,  5-22 (P)* 3.3- P 
w/ducts under slab 1 r e t r o f i t  stack 

'2*2 IGl* 
010 Basement, block Seal only; sump, 11-17 (CC) 

foundation Joints, cracks, ducting 18 ( G )  10.3 (P 
(walls not treated) 6.8 (P) 30 (P) I n  wal l  

032 Basement, block Subs1 ab depressure, 8-12 CC) 
foundation 1 suction point, 9-18 16) 

r e t r o f i t  stack, wal ls 10.2 (P) 
not treated 



House 
1.0. Substructure Type - 

Basement, poured 
foundation, crawl- 
space extension 
(no foundation 
vents) 

Basement, block 
foundation, crawl- 
space extensi on 
w i th  1 foundation 
vent 

Bsmt., block fdn., 
sump w/drain t i l e s ,  
completely 
f in ished w/wa11 and 
f 1 oor coverings 

Basement, block 
foundation, crawl- 
space extension 
with 2 vents . 

Basement, block 
foundat ion, crawl - 
space extension 
w i th  no vents 

Basement, poured 
foundation, crawl - 
space extension, 
basement f l o o r  
covered 

Basement, poured 
foundation, sump 
w h o  dra in  t i l e s ,  
t o t a l l y  unfinished 

Basement, block 
foundation, sump 
w i th  drain t i l e s ,  
s l  ab-on-grade 
extension w i th  
subf l  oor heat 
ducts 

Radon Concentrat ion (pCI/ l )  
Reduct ion Technique he-remedial  Post-remedial 

Crawl space subl iner 11-14 (CC) 3.2 (AT) 
vent, ex is t ing furnace 8-18 (G) 4.2 (G 
f l ue  stack, basement 5-12 (P) 
sump and cracks sealed 19-41 (P) I n  2.1 (AT) I n  

crawl space crawl space 

Subslab depressure, 10-23 (CC) 
1 suct ion point, 1 14 ( G I  

1 crawlspace vent 
7-10(G1 3-26(P r e t r o f i t  stack; added 8-25 (P 
3-21 ( P ) I n  6-42(P) I n  
crawl space crawlspace 

Sump depressure, 11-14 CC) 
1 r e t r o f i t  4" stack, 11-23 [G) 6-11 (G)* 
essent ia l ly  no sealant 4-20 (P)* 1-11 (P)* 

Subs1 ab depressure, 9-20 (CC) 
1 r e t r o f i t  stack, 6 (G) 9-10 (G 
wal ls not treated; 13.7 (P) 

5*5 
4.5 (P) 

added 2 crawlspace 1.3 (P) I n  7 (P) i n  
vents crawl space crawl space 

50 (P) I n  
wal l  

Subslab depressure, 8-28 (CC) 7-16 (P) 
1 suct ion point, exist. 9-13 (G) 12 (6) 
wood stove f o r  stack; 11-21 (P) i n  7-16 (P) I n  
wal ls not treated; crawl space crawl space 
crawl space sub1 lne r  17 (G) i n  
vent, 1 r e t r o f i t  stack crawlspace 
routed outdoors 

Subslab depressure, 1 4-17 (CC) 
suction point, exist. 1.1 ( G I *  
furnace f l ue  stack, no 9.5 (P 3.1 (P)* 
slab sealant, F/U 3.3 (G) I n  
Jo in t  sealed by owner, crawlspace 
no crawl sp. mi t iga t ion  

Sump depressure, 12-20 (CC) 
1 r e t r o f i t  stack, 11-49 ( G )  1-2 (G) 
good f l oo r  sealant 2.7 (P) ' 0.8 (P) 

Sump depressure, 1 16-17 (CC) 7-8 (AT) 
r e t r o f i t  stack, no wal l  7-34 (G) 
treatment; S-O-G 17-31 (P) 
depressure, 2 suction 4-11 (G) I n  
points th ru  basement S-O-G S4-G 
wall under slab, 1-9 (P) i n  1-4 (P) i n  SOB 
ex is t ing  furnace f l ue  S-O-G 4.8 (AT) S-O-G 
stack 77 (P) i n  wal l  



TABLE 4. PRELIMINARY PASSIVE RESULTS OF NORTHERN MARYLAND DEMONSTRATION (cont.) 
E E U 8 E X X X X X ~ E X U Q X X E U E U X U E X E X X Q B U ~ ~ ~ 8 U ~ 8 E 8 ~ X X ~ ~ E ~  

House Radon Concentration (pCI11) 
I .D. Substructure Type Reduction Technique - he-remedial Post-remedial 

106 Basement, block Subs1 ab depressure, 
foundation, stmy 1 suction point, 6.5 (G) 
w /nod ra i n t i l e s ,  exist ingunusedstove 13-36(P) 7-14 P) 
unfinished basement, f l ue  stack, sump 12-27 (P) I n  4-14 (PI I n  
S - 0 4  extension, f i l l e d ,  no wal l  o r  S-O-G* $4-G*  
excel lent  qua1 i t y  S-O-G treatment 181 (P) I n  
f l o o r  slabs wal l  

Pre-mi t {gat  1 on concent r a t  ions were measured during co ld  weather (December 1987- 
January 1988); post-mitigat ion measurements were made during mi ld  weather (Apri  l- 
May 1988). Thus, comparison of pre- and post-mitigation resul ts may not f a i r l y  
re f lec t  performance o f  pass tve system. 

Notes: 

1. Reported concentrations are I n  basement unless otherwise noted. 

2. Mhere concentrations a re  repor ted as ranges, ranges represent two o r  more 
measurements o f  t h e  measurement type noted. For Pylon measurements, ranges 
r e f l e c t  at least  48 hourso f  hourly readings. Where Pylon measurements a r e  
reported as a s ing le  number, that  number I s  the ar i thmetic mean o f  a t  l eas t  48 
hours o f  readings. 

3. Legend f o r  type o f  measurement: 
CC) - charcoal canis ter  (48-96 hour exposure) [G) - grab sample (5 minutes) 

(P) - Pylon continuous radon monitor (48-98 hour period) 
(AT) - alpha track detector (3-month exposure) 

8~X==mU=====ZE8=8=U==XXXEEXXEEsz~==SZXEEU=XEXm=EEE=~=====~U=S8a===8~X===Xm======E=S 

TABLE 5. CAREFREE, ARIZONA SOIL SAMPLE RESULTS 
====E==E888EaUSsSXEXXX=UUE=E=SCnEES-=UBXSXX=XUEXEsEmEEa=EX=S====8=SSE==ESEE 

Radium-226 Thorium-232 Potassium-40 
Description (DCI/al (pCi/q) (pc i lg)  

ABC subslab f i l l  0.8 Â 0.2 , 0.6 1 0.2 21.9 i 3.8 
So i l  a t  foot ing leve l  (3 ft.) 1.5 i 0.3 1.8 * 0.3 32.3 2 6.2 
Granite rock outcrop 4.5 i 0.9 5.4 i 0.9 42.4 Â 6.9 
~ a ~ ~ ~ ~ ~ ~ ~ s n x ~ x a ~ ~ ~ ~ ~ ~ ~ ~ u ~ x ~ ~ x m ~ ~ s ~ ~ ~ ~ ~ ~ ~ ~ ~ a a u a a u n s ~ m x ~ m ~ ~ ~ ~ ~ ~ ~ ~ 8 ~ 8 8 ~ ~ 8 z ~ ~ n 8  

TABLE 6. CAREFREE, ARIZONA INDOOR RADON RESULTS 
~ = ~ X ~ = = W = 8 m s m m 8 = = = ~ S = W X E E 8 = S ~ 8 8 8 8 X 8 = 8 E X S X = = U = = = S 8 = 8 ~ 8 X S 8 ~ U S S X = = = = = = = s % =  

Average Radon Concentration (DCI  I 1  )* 

Descrfpt ion House unheated ~ o & e  heated 

I n i t i a l  model home 2.4 6.5 . 

Hone wi th  radon reduction f l oo r  
slab design changes 0.9 


