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ABSTRACT 

Fourteen s i n g l e - f a m i l y  detached houses i n  t h e  Spokane, Washington, 
and Coeur D'Alene, Idaho, area were t r acked  f o r  two years  f o l l o w i n g  
m i t i g a t i o n  f o r  e leva ted  indoor concent ra t ions o f  radon. Each house was 
monitored q u a r t e r l y  us ing mai 1  ed a1 pha- t rack radon de tec to rs  deployed i n  
each zone o f  t h e  s t r uc tu re .  Dur ing t h e  second hea t ing  season f o l l ow ing  
m i t i ga t i on ,  radon concent ra t ions were moni tored cont inuous ly  f o r  several 
weeks i n  seven o f  t h e  houses, each house and m i t i g a t i o n  system was 
inspected and se lec ted  measurements were performed i n  o r d e r  t o  assess 
m i  t i g a t i o n  system performance. Occupants were a1 so in terv iewed regarding 
t h e i r  maintenance, operat ion,  and s u b j e c t i v e  e v a l u a t i o n  o f  t h e  radon 
m i t i g a t i o n  system(s) . The q u a r t e r l y  a1 pha- t rack measurements showed an 
increase i n  radon l e v e l s  i n  a  m a j o r i t y  o f  t h e  homes d u r i n g  many of the 
f o l  1  ow-up measurement per iods  compared t o  concen t ra t  i ons measured 
immediately a f t e r  m i t i g a t i o n .  The g r e a t e s t  i nc reases  i n  radon 
concen t ra t ions  occur red  i n  3 o f  t h e  4 houses equipped w i t h  basement 
p ressur i za t ion  systems where radon 1 eve1 s  approached t h e  pre-mi t i g a t  ion 
l e v e l s  dur ing  a t  l e a s t  one o f  the  fo l low-up measurement per iods.  I n  some 
o f  the  houses m i  t i g a t e d  w i t h  subsurface v e n t i l a t i o n ,  radon concentrat ions 
gene ra l l y  increased over the  course o f  t he  fo l low-up  pe r i ods .  Factors 
causing decreased m i  t i g a t i o n  system performance i n c l  uded: (1) b u i l d  up o f  
debr i s  on t he  s o i l  a t  the  o u t l e t  o f  subsurface p r e s s u r i z a t i o n  pipes; (2) 
no isy  and v i b r a t i n g  fans were turned o f f ;  (3) a i r - t o - a i r  heat  exchanger, 
basement p ressur i za t ion ,  and subsurface vent i 1 a t  i o n  fans were turned o f f  
and fan speeds reduced; and (4) crawl space vents were closed o r  sealed. 



INTRODUCTION 

During recent years, the study o f  indoor a i r  po l l u t an t s  i n  residences 
has l e d  t o  the  d iscovery  o f  l a rge  numbers o f  houses w i t h  e l eva ted  indoor 
radon concentrat ions and an increased awareness o f  the  r i s k s  associated 
w i t h  exposure t o  radon and radon progeny. D i r e c t l y  associated w i t h  these 
events has been t h e  r a p i d  growth o f  t h e  radon m i t i g a t i o n  indus t ry .  
Inheren t  i n  t h e  development o f  an i ndus t r y  o f  t h i s  t ype  i s  t h e  i n i t i a l  
l ack  o f  research data, p rac t i ca l  experience, and speci a1 i z e d  equipment and 
mater ia ls.  Central t o  t he  goal o f  developing r e l i a b l e  and e f f i c i e n t  radon 
m i  t i g a t i o n  s t r a t e g i e s  i s  the  need f o r  fo l l ow-up  eva lua t ions  o f  e x i s t i n g  
radon m i t i g a t i o n  systems. These systems must be assessed i n  terms of 
t h e i r  l ong- te rm r e 1  i a b i l  i t y  and t h e i r  s u i  t a b i l  i t y  f o r  v a r i o u s  house 
designs and const ruct ion types, geographic regions (e.g., c l ima te  and s o i l  
types), and occupant-related factors.  This r e p o r t  describes t h e  fol low-up 
eva lua t i on  o f  radon m i t i g a t i o n  systems i n  14 s i n g l e  f a m i l y  houses t h a t  
received radon m i t i g a t i o n  as p a r t  o f  a radon research p r o j e c t  du r i ng  the 
1985-1986 heat ing season (Turk e t  a1. 1987, P r i l l  e t  a1. 11987). These 
e a r l y  radon m i t i g a t i o n  systems are qu i t e  s i m i l a r  t o  many systems cur ren t l y  
be ing i n s t a l l e d  by researchers  and p r i v a t e - s e c t o r  radon m i t i g a t i o n  
contractors. 

METHODOLOGY 

Follow-up m o n i t o r i n g  o f  t h e  radon concen t ra t i ons  i n  each l e v e l  o r  
zone o f  the  houses was performed using mai led a lpha- t rack de tec to rs  (Type 
SF manufactured by Terradex, and l a t e r  i n  the  study, detectors  produced by 
Radtrak) which were deployed, removed and r e t u r n e d  by t h e  homeowners. 
These measurements were i n i t i a t e d  immediate ly  f o l l o w i n g  t h e  o r i g i n a l  
m i t i g a t i o n  s tudy and cons is ted  o f  a s e r i e s  o f  approx imate ly  q u a r t e r l y  
measurements, f o l  1 owed by an annual measurement p e r i  od . The homeowners 
were asked t o  r e c o r d  m i t i g a t i o n  system f a n  on /o f f  da tes  and speed 
set t ings,  dates and types o f  maintenance performed, problems o r  repa i rs  t o  
t h e  systems and p e r i o d s  when c r a w l  space vents  were c losed.  A t  the 
conclusion o f  the  o r i g i n a l  study, the  homeowners were advised t o  t u r n  o f f  
t he  m i t i g a t i o n  systems o n l y  dur ing per iods o f  m i l d  weather when windows 
and doors were opened. Approximately two years f o l l  owing m i t i g a t i o n ,  the 
complete fol low-up radon data se t  was compiled and evaluated and a s i t e  
v i s i t  t o  each house was conducted. Each homeowner was i n t e r v i e w e d  by 
telephone t o  update t he  data  f i l e s  on each house and m i t i g a t i o n  system and 
t o  d iscuss  and schedule t he  v i s i t .  Furthermore, they  were asked t o  
perform no system adjustments, maintenance o r  repa i rs ,  i n  a n t i c i p a t i o n  of 
t h e  inspec t ion ,  so t h a t  t h e  systems c o u l d  be eva luated under "normal" 
operating conditions. 

Approximately two weeks before the  v i s i t ,  continuous radon moni tor ing 
(CRM) instruments w i t h  accumulator d isplays were i n s t a l  1 ed i n  seven houses 
where radon concen t ra t ions  had increased s i g n i f i c a n t l y .  The CRMs were 



al lowed t o  operate  f o r  a t  l e a s t  two weeks f o l l o w i n g  t h e  v i s i t .  The 
homeowners were p rov ided  w i t h  a  l o g  sheet and i n s t r u c t e d  t o  r e c o r d  t h e  
date, time, and d i g i t a l  CRM d isp lay  a t  l e a s t  once d a i l y .  

The s i t e  v i s i t  a t  each house began w i t h  an i n s p e c t i o n  o f  t h e  
s t r u c t u r e  f o r  i n d i c a t i o n s  o f  mois ture  damage, cracked concrete, o r  o the r  
damage o r  degradat ion o f  b u i l d i n g  mate r i  a1 s  r e s u l t i n g  f rom t h e  opera t ion  
o f  the  radon m i t i g a t i o n  system(s). The homeowner was asked t o  comment on 
any e f f e c t s  o f  t h e  m i t i g a t i o n  system on thermal comfor t ,  noise,  
v i  b r a t  i ons, moi s t  ure/humi d i  ty  1  eve1 s  , annoyance, inconvenience, and damage 
t o  t h e  s t r u c t u r e .  Data compi led f rom t h e  f o l l o w - u p  radon measurement 
per iods were reviewed w i t h  t he  homeowner and t h e  opera t ion  h i s t o r y  of the  
radon system and house cond i t i ons  du r i ng  these per iods  were v e r i f i e d  t o  
the degree possible. 

I n  houses w i t h  subsurface v e n t i l a t i o n  (SSV) systems, t he  f an  speed 
s e t t i n g  ( p o s i t i o n  o f  r heos ta t  d i a l ) ,  t h e  no i se  and v i b r a t i o n  l e v e l s ,  the  
amount o f  d e b r i s  on in take/exhaust  screens, and t h e  i n t e g r i t y  o f  t h e  
ma te r i a l s  and sea lants  were noted. A i r  f l o w  r a t e s  i n  t h e  SSV p ipes were 
measured using a  c a l  i brated hot -wi re  anemometer. The uncer ta in ty  o f  these 
f l o w  r a t e  measurements i s  es t imated t o  be approx imate ly  10%. A i r  
pressures w i t h i n  t h e  p ipes  were measured u s i n g  bo th  a  d i g i t a l  
electromanometer (1.0 Pa s e n s i t i v i t y )  and a  micromanometer (0.25 Pa 
s e n s i t i v i t y )  . 

A i r - t o - a i r  heat exchanger (AAHX) f i l t e r s  and cores were inspected f o r  
dust  and debr is .  Where poss ib le ,  the  ducted AAHX supply and r e t u r n  f l o w  
ra tes,  and ou ts ide  a i r  i n t a k e  and exhaust f l o w  ra tes ,  were measured w i t h  
the  ca l  i brated ho t -w i re  anemometer using a  th ree-po in t  t raverse  a1 ong two 
axes w i t h i n  the ducts. The uncer ta in ty  o f  these f l o w  r a t e  measurements i s  
es t imated t o  be approximately 17%. Fan speed s e t t i n g s ,  and ba l  anc i  ng- 
damper pos i ti ons were recorded. 

I n  houses w i t h  basement p r e s s u r i z a t i o n  systems, f an  speed s e t t i n g s  
were recorded, and no ise  and v i b r a t i o n  l e v e l s  noted. Flow r a t e s  o f  a i r  
th rough t he  p r e s s u r i z a t i o n  systems were measured w i t h  t h e  h o t - w i r e  
anemometer us i ng  a  t h r e e - p o i n t  t r a v e r s e  a long  one o r  two axes w i t h  an 
est imated unce r ta i n t y  o f  10%. D i f f e r e n t i a l  pressures across t he  basement 
s l a b  f l o o r  and, i n  some cases, between zones were measured us ing  t h e  
electromanometer and a  micromanometer. The e f f e c t i v e  1  eakage area (ELA) 
o f  t h e  basements, which i n d i c a t e s  t h e  t o t a l  area o f  leakage pathways 
between t he  basement and o t h e r  reg ions,  was measured u s i n g  t h e  same 
ca l ib ra ted  blower door employed dur ing the  o r i g i n a l  study. Based on p r i o r  
research (D ick inson  and Feus te l ,  1986; Modera and M i l  son, 1988) â‚¬ 
measurements are  repea tab le  w i t h i n  a  range o f  10% a t  bes t  (i . e., when 
measurements are  performed us ing surface-pressure averaging techniques, 
when the same equipment i s  used, and when seasonal and wind condi t ions are 
simi 1  ar)  . 

I n  order  t o  eva luate  t he  performance o f  a l l  the  systems, a  complete 



set  of "cu r ren t  cond i t i on "  measurements were made be fo re  t h e  systems o r  
the  houses were modi f ied i n  any manner. The systems o r  houses were then 
returned t o  "o r i g i na l  condi t ion"  (dup l i ca t ing  condi t ions a t  the  end o f  the 
o r i g i n a l  m i t i g a t i o n  study) and another complete s e t  o f  measurements were 
performed. Where requ i red ,  t he  systems and houses were modi f i e d  t o  
increase t h e i r  performance and another s e t  o f  measurements were taken f o r  
reference. 

The uncer ta in ty  i n  the  average radon concentrat ions measured w i t h  the  
CRMs i s  est imated t o  be 10% due l a r g e l y  t o  u n c e r t a i n t i e s  i n  ins t rument  
cal  i b r a t i o n  (Nazaroff e t  a1.. 1983). There are c o n f l i c t i n g  repo r t s  o f  the 
accuracy o f  t h e  a l p h a - t r a c k  measurement of radon concen t ra t i ons .  I n  
chamber exposures (approximately 100 t o  165 pC i -day / l )  o f  t he  Terradex 
Type SF alpha-track detectors  a t  the  U.S. Department o f  Energy's Technical 
Measurement Center (Pearson 1987), t h e  r a t i o  o f  measured t o  ac tua l  radon 
concent ra t ion was l e s s  than 0.5 w i t h  10% o f  t he  detectors ,  g rea te r  than 
1.5 w i t h  9% o f  t h e  de tec to r s ,  and g r e a t e r  than  2.0 w i t h  3% o f  t h e  
de tec to r s .  I f  one assumes t h a t  t h e  r a t i o  o f  measured t o  ac tua l  
concentrat ion i s  normal ly d i  s t r i  buted (a1 though some o f  the  d i s t r i b u t i o n s  
provided by Pearson do no t  appear normal ), t h e  c o e f f i c i e n t  o f  v a r i a t i o n  
(s tandard  d e v i a t i o n  d i v i d e d  by t he  mean) o f  t h i s  r a t i o  f o r  d i f f e r e n t  
batches o f  Type SF de tec to rs  ranges from 25 t o  60%. Smal ler  measurement 
u n c e r t a i n t i e s  a re  repo r ted  by Oswald (1987). Based on da ta  f rom t h e  
Environmental P ro tec t ion  Agency's p ro f i c i ency  t e s t i n g  o f  radon detectors,  
Oswald r e p o r t s  a b i a s  o f  0.91 and a c o e f f i c i e n t  o f  v a r i a t i o n  of 
approximately 15% f o r  t h e  type SF detectors .  Thus, t he  CRM measurements 
a re  q u i t e  accurate and t h e  accuracy o f  t h e  a l pha - t r ack  d e t e c t o r s  i s  
cu r ren t l y  a controversi  a1 issue. 

RESULTS AND DISCUSSION 

SUBSURFACE VENT1 LATION SYSTEMS 

Seven houses used subsurface v e n t i l a t i o n  systems (SSV) as the  primary 
radon m i t i g a t i o n  technique. F ive  o f  these houses were equipped w i t h  
subsurface p r e s s u r i z a t i o n  (SSP) systems t h a t  forced outdoor  a i r  
(p ressur i zed)  beneath t h e  basement s labs  v i a  i n t e r i o r  p i pes  t h a t  
pene t ra ted  t h e  s labs  (SSP). One house (ESP111) had a combinat ion o f  
i n t e r i o r  subsurface p ressur i za t ion  and e x t e r i o r  subsurface p ressu r i za t i on  
(a  p a i r  o f  p ipes extended t o  below t h e  f o o t i n g  f rom o u t s i d e ) ,  and one 
house (ESP1 19) had o n l y  an e x t e r i o r  subsurface dep ressu r i za t i on  system 
(SSD),  which drew s o i l  gas f r o m  t h e  r e g i o n  beneath t h e  f o o t i n g  and 
exhausted the  s o i l  gas t o  outs ide.  A l l  fans were loca ted  e x t e r i o r  t o  the  
1 i v i n g  space and were mounted e i t h e r  i n  the  garage o r ,  most commonly, i n  
separate enclosures attached r i g i d l y  (wi thout  a v i b r a t i o n  i s o l a t o r )  t o  the 
e x t e r i o r  o f  t h e  houses. The fans were a l s o  connected r i g i d l y  t o  t h e  
p l a s t i c  pipes through which a i r  was forced. The SSD system exhaust ex i t ed  
through a screened wa l l  cap mounted i n  the  gable-end o f  the  garage, wh i l e  
t h e  SSP systems had a i r  i n t akes  b u i l t  i n t o  t h e  f an  enclosures l o c a t e d  



above snow l e v e l  and were f i t t e d  w i t h  r a i n  caps and screens, b u t  no t  a i r  
f i l t e r s .  Cen t r i f uga l  fans were used throughout, and were equipped w i t h  
on/off switches and rheostats f o r  speed cont ro l .  

The r e s u l t s  f rom t h e  a lpha- t rack measurements i n d i c a t e  t h a t  t h e  SSV 
systems have ma in ta ined  radon concen t ra t i ons  s i g n i f i c a n t l y  below t h e  
o r i g i n a l  base1 ine,  i . e., pre-mi t i g a t i  on, 1 eve1 s (see Table 1 and F igure  
1) .  However, radon concent ra t ions measured d u r i n g  t h i s  fo l l ow-up  study 
are f requen t l y  h igher  than those reported a t  t he  end o f  the  o r i g i n a l  study 
and are a l so  occas iona l l y  s i g n i f i c a n t l y  above t h e  EPA guide1 i n e  o f  4.0 
pC i / l .  A l l  homeowners r e p o r t  t h a t  they d i d  n o t  always operate t h e i r  SSV 
fans dur ing  t h e  l a t e  spr ing,  summer, and e a r l y  f a l l .  I n  one house w i t h  
SSP (ECD026), vents  i n  a p a r t i a l  c rawl  space were c l osed  d u r i n g  t h e  
heating seasons. 

Measurements performed be fo re  m o d i f i c a t i o n s  show t h a t  pressures i n  
a l l  o f  the SSP systems had increased (i .e., the  pressures i n  t h e  SSP pipes 
j u s t  upstream o f  the  po in t s  where they penetrated the  slabs) and f lows had 
decreased, w i t h  t h e  excep t ion  o f  one system i n  which t h e  fan  speed had 
been reduced and t h e  pressure a l so  decreased (see Table 2 ) .  SSP p ipes  
t h a t  were access ib le  i n  Houses ESP108 and ESP113 were c u t  o f f  near t he  
s lab  and the s o i l  sur face a t  the  p ipe  o u t l e t  was inspected.  Subs tan t ia l  
dus t  and l i n t - t y p e  d e b r i s  was found. T h i s  was vacuumed out ,  t h e  p i p e  
rea t t ached  and t h e  f l o w  and pressure measurements repeated.  These 
measurements show an increase i n  a i r  f l ow  and subs tan t ia l  drop i n  pressure 
a f t e r  t h i s  c lean ing process. Thus, t he  increases i n  radon concentrat ions 
i n  houses ESP101, ESP108, ESP113, and ESP120, where f a n  speed s e t t i n g s  
were no t  changed, may be caused i n  p a r t  by reduced subsurface v e n t i l a t i o n  
due t o  a b u i l d  up o f  debr is  on the  s o i l  a t  the SSP p ipe ou t le ts .  

I n  house ECD 026, i nc reas ing  t h e  f a n  speed t o  t h e  o r i g i n a l  s e t t i n g  
produced a s i g n i f i c a n t  change i n  the  pressure and f low, w i t h  t he  pressure 
r e t u r n i n g  t o  t h e  o r i g i n a l  l e v e l  (see Table  2 ) .  The p re -  and p o s t -  
i n s p e c t i o n  a l  pha - t r ack  and CRM measurements f o r  t h i s  house i n d i c a t e  
s i g n i f i c a n t  drops i n  t h e  radon concen t ra t ions  a f t e r  m o d i f i c a t i o n s  were 
conducted (see Table 1). These reduct ions cou ld  be due t o  t he  increased 
f l ow  through the SSP system and/or t o  t h e  f a c t  t h a t  the  crawl space vents 
were opened dur ing and subsequent t o  the v i s i t .  

One SSV system (ESP111) f a i l e d  completely due t o  problems associated 
w i t h  the  i n s t a l l a t i o n  o f  the  system. The homeowner turned the  system o f f  
due t o  unacceptable f an  n o i s e  and v i b r a t i o n .  Another house (ESP120), 
experienced s i m i l a r  problems, though l e s s  severe, so t h a t  t he  SSP system 
cont inued t o  operate .  Noise and v i b r a t i o n s  assoc ia ted  w i t h  t h e  SSV 
systems were n o t i c e a b l e  i n  o t h e r  houses. The i n s p e c t i o n s  revea led  
s i g n i f i c a n t  a i r  leaks a t  the  connection o f  the  fan t o  the SSP pipes i n  the 
same two houses (ESP120 and ESP111) where no ise  and v i b r a t i o n s  were most 
pronounced. The fans and enclosures i n  these houses were subsequent ly 
replaced. To reduce t ransmiss ion  o f  no i se  and v i b r a t i o n s ,  t h e  new fan  
enclosures were mounted w i t h  f l e x i b l e  shock mounts t o  a p o s t  s e t  i n  



concrete adjacent t o  the  house. A h i g h l y  f l e x i b l e  e l  astomeric connector 
was used t o  a t tach  t h e  o u t l e t  o f  the fans t o  t h e  p l a s t i c  pipes. The new 
enclosures contain washable a i r  f i l t e r s  upstream o f  the  fans t o  reduce the 
previously mentioned b u i l d  up o f  debr is a t  the surface o f  the s o i l .  

A i r  leaks were detected a t  t h e  j o i n t  between the  concrete f l o o r  and 
the  mor tar  patch around the SSP pipes i n  houses ESP108 and ESP111. These 
leaks  were minor a t  t h e  t ime o f  t h e  i nspec t i on  and i t  was assumed t h a t  
p r i m a r i l y  ou t s i de  a i r  was be ing f o r ced  ou t  o f  t h i s  c rack  s i n c e  these 
systems a re  operated i n  t h e  p r e s s u r i z a t i o n  mode. The m o r t a r  patch 
ma te r i  a1 was i n  exce l  1 en t  c o n d i t i o n .  However, t h e  a s p h a l t i c  sea l  an t  
mate r ia l  used t o  seal the  j o i n t  between t he  mor tar  patch and the  concrete 
had f a i l ed .  

Surp r i s ing ly ,  the  inspect ion and in te rv iews  revealed t h a t  t he re  were 
no condensation problems associated w i t h  the SSP p ipes dur ing  the  heat ing 
season. Condensation on t h e  e x t e r i o r  sur face o f  t h e  SSP p ipes had been 
an t i c i pa ted  s ince c o l d  ou ts ide  a i r  was being blown i n t o  the  p ipes which 
pass through condi t ioned areas. There were a l so  no i nd i ca t i ons  o f  damage 
o r  problems caused f rom t h e  c o l d  a i r  be ing f o r ced  beneath t h e  concre te  
f l  oors . 

A1 1 homeowners s ta ted  t h a t  they were g e n e r a l l y  p leased w i t h  t h e  SSV 
systems. A l l  systems were judged t o  be unobtrusive,  produced no thermal 
discomfort,  requ i red in f requent  maintenance o r  service, and the  homeowners 
perce ived  no s i g n i f i c a n t  increase i n  energy consumption due t o  t h e  
operat ion o f  the fans. However, some homeowners were annoyed by noise and 
v ibra t ions produced by the systems. 

Based on t h e  r e s u l t s  of t h i s  f o l l o w - u p  study,  we suggest t h a t  SSP 
systems be f i t t e d  w i t h  washable/reusable and e a s i l y  access ib le  f i l t e r s  
upstream o f  the fans. We a1 so recommend t h a t  SSV systems have pressure 
gauges i n s t a l l e d  a t  appropr iate loca t ions  i n  the  pipes so t h a t  substant ia l  
changes i n  pressure can be i d e n t i f i e d  t o  a l l ow  t h e  occupants t o  i n i t i a t e  
prompt remedial ac t ion.  Fans should be mounted c a r e f u l l y  t o  minimize the 
possi  b i l  i t y  o f  v i b r a t i o n  o r  no ise  t ransmiss ion.  High qua1 i t y  seal  an ts  
should be used a t  a l l  j o i n t s  and connections t o  ensure permanent a i r  t i g h t  
seals.  F i n a l l y ,  fan speed c o n t r o l s  should be p ro tec ted  f rom casual  
tampering. 

AIR-TO-AIR HEAT EXCHANGERS 

Two o f  t h e  houses have a i r - t o - a i r  hea t  exchangers (AAHX) as radon 
m i  t i g a t i o n  devices. The u n i t s  are i d e n t i c a l ,  s i m i l a r l y  l o c a t e d  i n  t he  
basements, and ducted such t h a t  ou ts ide  a i r  i s  suppl ied, and r e t u r n  a i r  
exhausted from o n l y  t h e  basement l e v e l .  However, the  basement o f  each 
s t r uc tu re  i s  exposed t o  the  upper l e v e l s  o f  the  houses by open s t a i r w e l l s  
and both homes have f o r ced -a i r  e l e c t r i c  furnaces which supply a i r  to ,  and 
re tu rn  a i r  from, a l l  zones o f  the houses. 



The alpha-track and continuous radon moni tor  (CRM) r e s u l t s  show tha t ,  
d u r i n g  a l l  pe r iods  when t h e  AAHX u n i t s  were operated cont inuous ly ,  t h e  
radon concent ra t ions ' were maintained be1 ow t h e  o r i g i n a l  base1 i n e  1  eve l  s  
(see Table 1). Some o f  t h e  d i f f e r e n c e s  f rom t h e  b a s e l i n e  radon 
concen t ra t i ons  measured w i t h  t h e  a l p h a - t r a c k  d e t e c t o r s  may n o t  be 
s i g n i f i c a n t  cons ider ing t h e  unce r ta i n t y  i n  these measurements. I n  house 
ESP109, t h e  AAHX was operated o n l y  s p o r a d i c a l l y  d u r i n g  b o t h  w i n t e r  
measurement per iods and radon concent ra t ions were approximately equal t o  
base1 i ne 1  evel s  . 

The AAHX fan  speed i n  house ESP109 had been decreased f rom t h e  
o r i g i n a l  s e t t i n g  o f  maximum t o  a  s e t t i n g  o f  "3/4" on t h e  speed c o n t r o l  
d i a l .  Th is  c o n t r i b u t e d  t o  a  25 t o  30% decrease i n  t h e  o u t s i d e - a i r  and 
exhaust -a i r  f l ow  r a t e s  compared t o  the  o r i g i n a l  f l o w  ra tes .  The r a t i o  o f  
exhaust t o  ou ts ide  a i r  f l o w  was e s s e n t i a l l y  unchanged f rom t h e  o r i g i n a l  
r a t i o ,  w i t h  the  supply f l ow  r a t e  approximately 25% lower than t he  exhaust 
f l ow  r a t e .  The f i l t e r s  were cleaned, a 1  oose cover panel on t he  u n i t  was 
secured, and minor  damper adjustments were made t o  one supply  and one 
r e t u r n  r e g i s t e r  so t h a t  t h e  exhaust and o u t s i d e - a i r  f l o w  r a t e s  were 
e s s e n t i a l l y  equal. The mechanical v e n t i l  a t i o n  prov ided by t h e  AAHX fo r  
t h i s  house was approximately 0.7 house volumes/hour o r i g i n a l l y ,  0.5 house 
volumes/hour a t  t h e  t ime o f  t h e  s i t e  v i s i t ,  and 0.6 house volumes/hour 
a f t e r  the s i t e  v i s i t .  

I n  house ESP121, t h e  AAHX f a n  speed had been decreased f rom t h e  
o r i g i n a l  speed s e t t i n g  o f  maximum t o  a  s e t t i n g  o f  "1/2" speed. T h i s  
change reduced t he  supply and r e t u r n  a i r  f l o w  r a t e s  by 30 t o  35%. A f t e r  
t h e  d i r t y  f i l t e r s  were rep laced,  t h e  f l ows  a t  "1/2" speed remained 
essenti  a1 l y  unchanged. The mechanical ven t i  1 a t i  on provided by t he  AAHX i s 
approx imate ly  0.5 house volumes/hour c u r r e n t l y  compared t o  0.7 house 
volumes/hour a t  t h e  end o f  the  o r i g i n a l  study. The fan speed con t ro l  was 
l e f t  a t  the "1/2" speed pos i t i on .  

Al though t h e  AAHX u n i t s  were i n s t a l l e d  i n  v e r y  s i m i l a r  houses and 
were l oca ted  and conf igured s i m i l a r l y ,  the  two sets  o f  occupants had very  
d i f f e r e n t  eva luat ions o f  t he  un i t s .  I n  house ESP109, t he  husband thought 
t h e  u n i t  c rea ted  c o l d  d r a f t s ,  caused t h e  fu rnace  t o  operate  more 
f r equen t l y  which increased t h e i r  space hea t ing  expenses, and compl a ined 
t ha t  the supply a i r  contained unacceptable l e v e l s  o f  wood smoke. The wi fe  
d i  sagreed somewhat w i t h  her  husband's eval u a t i  on and appreciated the  radon 
removal c a p a b i l i t y  o f  t h e  u n i t .  Consequently, t h e  u n i t  i s  o f t e n  operated 
dur ing  the  day when t h e  husband i s  away and i s  o f t e n  o f f  i n  t h e  evening 
and a t  n i g h t  when he i s  p resen t .  The o t h e r  household i s  ex t remely  
s a t i s f i e d  w i t h  t h e i r  u n i t  which i s  operated 24 hours/day, and s t a t e d  
s p e c i f i c a l l y  t h a t  t h e  u n i t  had r e 1  i eved  t h e i r  daughter 's  a l l e r g i c  
r eac t i ons ,  reduced t h e  amount o f  dus t  i n  t h e  house, he lped reduce t h e  
smel l  o f  wood smoke indoors  and c rea ted  no uncomfor tab le  d r a f t s  o r  
increased space hea t ing  expenses. Both households p ra i sed  t h e  u n i t s  f o r  
qu ie t  and v i  b ra t ion - f ree  operat i  on. 



Aside from some loose f i b e r g l a s s  duct  i n s u l a t i o n  i n  one house and a 
loose  cover panel on one o f  t h e  u n i t s ,  t h e  i n s t a l l  a t i o n s  were 
s a t i s f a c t o r y .  Based on t h i s  fo l low-up study, AAHX u n i t s  used f o r  radon 
m i t i g a t i o n  should have a convenient ly loca ted  fan  on /o f f  swi tch bu t  speed 
c o n t r o l s  should have an op t i ona l  p r o v i s i o n  t o  p r o t e c t  them f rom casual 
adjustment. 

BASEMENT PRESSURIZATION 

Four o f  t h e  houses have occupied basements which a re  p ressur i zed ,  
re1  a t i v e  t o  t h e  pressure w i t h i n  t h e  s o i l  sur rounding t h e  subst ructure ,  
w i t h  ma in - leve l  a i r  us i ng  an a u x i l i a r y  f a n  system. Th i s  techn ique  o f  
basement pressur izat ion had not  been used p r i o r  t o  the  o r i g i n a l  m i t i g a t i o n  
study. A l l  f o u r  houses have e l e c t r i c  f o r c e d - a i r  furnaces as t h e  pr imary  
heat ing system and a l l  b u t  one o f  these houses has a p a r t i a l  crawl space. 
Two o f  the homes had occupant changes during the fol low-up period. 

These systems have mainta ined t h e  main 1 eve1 radon concen t ra t i ons  
substant ia l  l y  below t h e  base1 i ne  values desp i te  per iods when some systems 
were not  operated cont inuous ly  (see Table 1 and F igure  2 ) .  However, t h e  
radon concentrat ions i n  the  basements approached p re -m i t i ga t i on  l e v e l s  i n  
a l l  o f  t h e  homes d u r i n g  a t  l e a s t  one o f  t h e  a lpha t r a c k  f o l l o w - u p  
measurement pe r i ods  and many o f  t h e  measured radon concen t ra t i ons  are  
above bo th  t h e  o r i g i n a l  p o s t - m i t i g a t i o n  concen t ra t i ons  and t h e  EPA 
guide1 ine .  Some o f  these increases i n  radon can be exp la ined .  For 
example, dur ing the w in te r  1986-1987 the system i n  house ESP153 was turned 
o f f  a t  the  d i s c r e t i o n  o f  the homeowners, wh i le  t he  system i n  house NCD077 
was no t  operated because the  new occupants had n o t  been appraised o f  the 
purpose o r  operat ion o f  the system. Also, the  crawl -space vents i n  these 
homes were c losed  d u r i n g  these measurement per iods .  I n  a l l  o f  these 
houses, increased radon concentrat ions dur ing the  summer may be due t o  the 
f a c t  t h a t  the  systems were no t  operated and adequate na tu ra l  v e n t i l a t i o n  
may n o t  have been provided. Some o f  the f a l l ,  sp r ing  and even the  annual 
measurements may be skewed since the  systems were f requen t l y  no t  operated 
f o r  the  e n t i r e  measurement per iod.  The increased radon concent ra t ions i n  
houses NSP204 and ESP116 dur ing the w in te r  per iods 1986-1 987 and 1987-1 988 
are more d i f f i c u l t  t o  exp la i n  s ince the  systems were repo r ted l y  operated 
continuously during the e n t i  r e  measurement periods. 

The f l  ow r a t e s  through t h e  basement p r e s s u r i z a t i o n  systems had 
decreased i n  a l l  o f  these systems by 20 t o  25%. The e f f e c t i v e  leakage 
areas (ELA) o f  a l l  t h e  basements were e s s e n t i a l l y  unchanged f rom t h e  
o r i g i n a l  basement ELAs. The amount o f  a i r  requ i red  t o  maintain a p o s i t i v e  
pressure i n  the basement i s  propor t iona l  t o  t h e  e f f e c t i v e  leakage area o f  
the basement. 

Before fan speeds were changed o r  other modi f ica t ions were made t o  the  
systems, the  basement pressure minus the  pressure d i r e c t l y  beneath the  



basement s l a b  f l o o r  a t  a  c e n t r a l  l o c a t i o n  ranged f rom - 2  Pa i n  house 
ESP116, n e u t r a l  i n  house NSP204, and between n e u t r a l  t o  +2 Pa i n  house 
ESP153 (unmodif ied measurements were n o t  made i n  NCD077). A f t e r  sea l ing  
obvious a i r  leaks and by-passes i n  the  basement s h e l l ,  and inc reas ing  fan  
speeds t o  t h e  o r i g i n a l  s e t t i n g s  o f  maximum (except  NCD077 which was 
o r i g i n a l l y  s e t  a t  1/2 speed), t h e  pressures inc reased  t o  n e u t r a l  i n  
ESP116, and ranged f rom t1 Pa t o  t3 Pa i n  NCD077, +1 Pa t o  +4 Pa i n  
ESP153, and t o  t 3  Pa t o  +6 Pa i n  house NSP204. With bo th  t h e  basement 
pressur izat ion fan and f o r ced -a i r  furnace blower turned o f f ,  the  pressures 
ranged from -1 Pa t o  -2  Pa i n  NSP204, -3 Pa t o  - 5  Pa i n  ESP116, -5  Pa i n  
ECD153, and -5  Pa t o  -7  Pa i n  house NCD077. These measurements were 
performed d u r i n g  hea t i ng  season c o n d i t i o n s  w i t h  outdoor  temperatures 
between 3 t o  10 OC.  These data i nd i ca te  t h a t  the  basement p ressur i za t ion  
systems reduced, bu t  d i d  no t  a1 ways reverse, the  pressure d i  f ferences t h a t  
d r i ve  radon entry.  

The inspect ion revealed no ser ious degradation o f  the  systems nor any 
i n d i c a t i o n  o f  s t r u c t u r a l  o r  m a t e r i a l  damage from t h e  p r e s s u r i z a t i o n  o f  
these basements. The systems themselves were i n  s a t i s f a c t o r y  c o n d i t i o n  
w i t h  t h e  except ion o f  one fan  which was v i b r a t i n g  due t o  a  bent fan wheel 
shaf t .  We no t i ced  t h a t  basement c lo thes  d ryer  vent door f l a p s  were o f t e n  
e i t h e r  missing, s tuck  open o r  were being fo rced  open by the  pressure i n  
the  basement. Vents w i t h  weighted door f l a p s  were i n s t a l l e d .  A i r  l eaks  
o r  bypasses from the  basement t o  the  e x t e r i o r  were found t o  be much more 
s i g n i f i c a n t  than a i r  l eaks  t o  the  main l e v e l  i n  terms o f  compromising the  
pressur izat ion o f  the basement. The o r i g i n a l  a i r - s e a l i n g  o f  the  basements 
was judged t o  be incomplete. 

Immediately f o l l ow ing  the  inspect ion and modi f ica t ions,  the  qua r te r l y  
a l pha - t r ack  d e t e c t o r s  i n  house NSP077 were rep laced  w i t h  new "pos t -  
m o d i f i c a t i o n "  d e t e c t o r s  whi 1  e  i n  house NSP204 "post-modi f i c a t i o n l '  
de tec to rs  were s imply added. These measurements i n d i c a t e  a  substant  i a1 
decrease i n  t he  radon concen t ra t ion  o f  t h e  crawl space i n  NCD077 (opened 
du r i ng  and subsequent t o  t h e  v i s i t ) ;  however, changes i n  t h e  main l e v e l  
and basement concentrat ions are no t  s i g n i f i c a n t  , cons ider ing our est imates 
o f  measurement u n c e r t a i n t y .  No changes were seen i n  t h e  NSP204 p o s t -  
m o d i f i c a t i o n  radon 1 eve1 s  compared t o  t h e  e n t i r e  q u a r t e r l y  measurement 
(see Table 1). CRM measurements were made i n  the  1  owest occupied zones i n  
t h r e e  o f  t h e  basement p r e s s u r i z a t i o n  homes f o r  a  p e r i o d  o f  a t  l e a s t  2 
weeks immediately b e f o r e  and 2 weeks immediate ly  f o l l o w i n g  t h e  v i s i t .  
Radon concent ra t ions decreased 40% t o  80% i n  these lowest  occupied zones 
a f t e r  the modi f icat ions o r  adjustments. 

A l l  o f  t he  homeowners descr ibed t he  basement p r e s s u r i z a t i o n  systems 
as inconven ien t  and o b t r u s i v e  s i nce  they  were r e q u i r e d  t o  keep t h e  
basement t i g h t l y  closed. More annoying, and p o t e n t i a l l y  dangerous, i s  the 
f a c t  t h a t  t h e  system r e p o r t e d l y  c o n t r i b u t e d  t o  b a c k - d r a f t i n g  o f  a  main 
l e v e l  wood-burning f i r e p l a c e  i n s e r t  i n  house ESP116, du r i ng  per iods  when 
the f i r e  was low (weak d r a f t ) .  I n  s p i t e  of these evaluat ions,  most o f  the  
homeowners thought t h e  technique was a b e t t e r  choice than "having p l a s t i c  



pipes running through the  basement" (SSV) . O r i g i n a l  l y ,  ESP120 had both  
types o f  systems i n s t a l l e d  (both were e f f e c t i v e  i n  s p i t e  o f  approximately 
140 pCi/1 i n i t i a l  radon l eve l s ) ,  bu t  the occupants decided t o  use t he  SSV 
system a f t e r  having 1 ived w i t h  both techniques. 

Based on these f indings,  f u tu re  i n s t a l  1 a t ions  o f  these systems should 
be made i n  houses w i t hou t  combustion appl i ances t h a t  m igh t  back -d ra f t  , 
w i t h  basements o r  substructures which can be t ightened (a i r -sea led)  w i t h  a 
reasonable amount o f  e f f o r t ,  and fans should be over-s ized t o  p rov ide  a 
margin o f  performance i n  case t h e  basement becomes l e a k i e r  o r  f an  
performance decreases. Fans should be mounted i n  a manner t h a t  reduces 
no ise and v i b r a t i o n s  and speed con t ro l s  should be p ro tec ted  f rom casual 
adjustment. 

BASEMENT VENTILATION WITH PRESSURIZATION 

Radon i n  one o f  t h e  s tudy houses was reduced by mechanical 
v e n t i l  a t i o n  which a1 so provided a s l  i g h t  p o s i t i v e  pressure i n  the  basement 
which was unoccupied, unconditioned, and had a d i r t  f l o o r .  The main l e v e l  
f l o o r  above the basement was f i r s t  sealed against  a i r  leakage, insu la ted,  
and t h e  p ipes  wrapped w i t h  t h e r m o s t a t i c a l l y  c o n t r o l l e d  hea t  tape and 
insu la ted.  Vents f o r  na tu ra l  v e n t i l  a t i o n  were d i f f i c u l t  t o  i n s t a l  1 such 
t h a t  adequate cross f l o w  cou ld  be achieved, so a fan  was i n s t a l l e d  which 
f o r c e d  outdoor a i r  i n t o  t h e  space and p rov ided  approx imate ly  10 Pa 
p o s i t i v e  pressure r e l a t i v e  t o  ou ts ide  a i r  a t  s o i l  l e v e l .  A i r  e x i t e d  the  
basement through re1  a t i v e l y  small  vents  spaced a long two s ides  o f  t h e  
house. 

The a1 pha-track r e s u l t s  ill ust ra te  the  continued ef fec t iveness o f  the 
technique (see Tab1 e 1). The elevated annual average radon concent ra t ion 
i n  t he  basement was probably due t o  the  f a c t  t h a t  t h e  occupants kept  t h e  
basement door open dur ing a per iod o f  remodeling, which probably increased 
the v e n t i l a t i o n  ra te ,  bu t  decreased the  p ressur i za t ion .  The radon l e v e l  s 
i n  t h e  l i v i n g  space, however, have cont inued t o  remain f a r  below t h e  
base1 i ne val  ues . 

The f an  i n s t a l l a t i o n  does no t  a l l ow  accurate f l o w  r a t e  measurements 
t o  be made. The A P between the basement re1 a t i v e  t o  both t he  outs ide and 
the main l e v e l  dur ing the o r i g i n a l  study was t 1 0  Pa. Before modi f ica t ion,  
the  A P  was t 6  Pa i n  the  basement r e l a t i v e  t o  both t he  main l e v e l  and the  
ou ts ide .  A f t e r  m o d i f i c a t i o n  ( t h e  fan sa fe ty  screen was c leaned o f  
deb r i s ) ,  t h e  pressure d i f f e r e n c e s  increased t o  +10 Pa. The f a n  was 
equipped on ly  w i t h  an on/of f  switch w i t h  no speed con t ro l  and was operated 
continuously on an annual basis. 

The i nspec t i on  revealed no i n d i c a t i o n s  o f  damage o r  degradat ion t o  
b u i l d i n g  ma te r i a l s  o r  t h e  s t r u c t u r e  r e s u l t i n g  f rom t h e  system operat ion.  
There were no ins tances o f  f rozen  water p ipes,  c o l d  f l o o r s  on t h e  main 
l e v e l  over the  basement o r  o ther  r e l a t e d  problems. The fan sa fe ty  screen 



was beginning t o  occlude w i t h  l i n t - t y p e  deb r i s  which reduced t he  r a t e  o f  
basement vent i 1 a t  i on. 

The homeowners descr ibed t h e  m i t i g a t i o n  s t r a t e g y  as exce l l en t .  The 
o n l y  nega t i ve  aspect r e p o r t e d  was t h e  l o s s  o f  t h e  basement space f o r  
vegetable storage dur ing  t he  win ter ,  bu t  t h i s  was more than o f f s e t  by t he  
f a c t  t h a t  t he  home was judged t o  be t he rma l l y  more comfor tab le  and more 
economical t o  heat ( the f l o o r  had not  been i nsul ated previously)  . 

CRAWL SPACE VENTILATION 

A1 1 crawl spaces were ven t i l a t ed  dur ing t he  o r i g i n a l  m i  t i g a t  i on  study 
bu t  t h i s  techn ique a lone  was n o t  e f f e c t i v e  i n  r educ ing  radon 
concen t ra t ions  t o  below g u i d e l i n e  l e v e l s .  None o f  these  homes had a 
complete crawl space, so t h a t  t h e  subs t ruc tu res  cons i s ted  o f  a  p a r t i a l  
crawl space i n  combination w i t h  e i t h e r  a  f u l l  o r  hal f -depth basement. 

A1 pha- t rack  f o l l  ow-up measurements i n  t h e  crawl  spaces c l e a r l y  
i l l u s t r a t e  t h e  e f f e c t i v e n e s s  o f  v e n t i l a t i o n .  Du r i ng  pe r i ods  when t h e  
crawl space vents were closed, t h e  radon concent ra t ions increased. When 
t h e  ven ts  were subsequent ly opened t h e  l e v e l s  were reduced as seen i n  
houses ECD026 and NCD077 a f t e r  the  s i t e  v i s i t  (see Table 1). 

The i nspec t i ons  revea led  no problems r e l a t e d  t o  t h e  a c t u a l  c raw l  
space ven t i l a t i on .  The f l o o r ,  duct, and p ipe insu la t ion ,  and crawl space 
access door w e a t h e r s t r i  p  and knee-wal l  sea l  an t s  were i n  exce l  1 e n t  
cond i t i on ,  as was t he  membrane t h a t  was i n s t a l l e d  over t he  s o i l  i n  two o f  
the crawl spaces. 

The homeowners* comments ranged f rom complete s a t i s f a c t i o n  t o  
con t inued  concerns about f r e e z i n g  water  p ipes  d u r i n g  severe w i n t e r  
condi t ions.  The crawl space vents were c losed i n  house ECD026 due t o  the 
concern about p i pe  f r e e z i n g  i n  s p i t e  o f  t h e  f a c t  t h a t  t h e  homeowner was 
aware o f  the  t h e r m o s t a t i c a l l y  c o n t r o l  1  ed heat  tape i n s t a l  1  ed beneath the  
p ipe i n s u l a t i o n .  The new homeowner i n  house NCD077 was n o t  aware o f  the  
purpose o f  t h e  c raw l  space vents  and, thus,  s imp ly  c losed  them i n  
p repara t ion  f o r  w in te r .  Two small  fans which had been i n s t a l l e d  i n  the 
crawl space i n  house ECD026 t o  p rov ide  increased v e n t i l a t i o n  were turned 
o f f  permanently d u r i n g  t h e  1986 w i n t e r  p e r i o d  due t o  v i b r a t i o n .  The 
sa fe t y  screens on the  i n t a k e  s i de  of the  fans i n  ECD026 were moderately 
occluded w i t h  deb r i s .  The crawl space vent screens were c lean  i n  a l l  o f  
the other houses. 

SUMMARY AND RECOMMENDATIONS 

It i s  c l e a r  t h a t  cont inued fo l low-up  of radon m i t i g a t i o n  systems i s  
an impor tant  element i n  i nc reas ing  our  understanding o f  radon c o n t r o l .  
The a c t i v e  radon m i t i g a t i o n  systems used i n  t he  houses i n  t h i s  study have 
general 1  y  main ta ined average indoor  radon concen t ra t  i ons  subs tan t i  a1 1  y  



below the i n i t i a l  p re -mi t iga t ion  concentrat ions. However, i n  a l l  o f  these 
houses main l e v e l  radon concentrat ions were found t o  have increased above 
4.0 pC i / l  du r i ng  a t  l e a s t  one o f  t h e  q u a r t e r l y  f o l l ow -up  measurement 
periods . 

I n  t h e  m a j o r i t y  o f  t h e  subsurface v e n t i l a t i o n  (SSV) systems t h a t  
operated i n  the p ressu r i za t i on  mode, we observed increased pressures and 
decreased a i r  f lows due t o  a two-year b u i l d  up o f  deb r i s  a t  t h e  SSV p ipe  
o u t l e t  where a i r  was fo rced  i n t o  t h e  s o i l .  The reduced f l ows  may have 
caused t h e  increases i n  radon concen t ra t ions  i n  these houses over  t h e  
course o f  the fo l low-up measurement per iods.  Most o f  the homeowners were 
pleased w i th  the subsurface v e n t i l a t i o n  systems. 

The basement p ressur i za t ion  systems continued t o  reduce indoor  radon 
concentrat ions when operated, a1 though concentrat ions were n o t  maintained 
a t  the  o r i g i n a l  low pos t -m i t i ga t i on  l eve l s .  Based on measurements o f  the  
pressure d i f f e r e n c e  across basement s l a b  f l o o r s ,  these systems d i d  n o t  
a1 ways maintain p o s i t i v e  pressures i n  the basements. Homeowners genera l ly  
considered the basement pressur izat ion systems t o  be obtrusive. 

I n  two houses equipped w i t h  AAHX un i ts ,  the radon concentrat ions have 
g e n e r a l l y  cont inued t o  be moderately below t h e  i n i t i a l  p r e - m i t i g a t i o n  
l e v e l  s, except d u r i  ng pe r i ods  o f  i n t e r m i t t e n t  o p e r a t i  on, a1 though 
measurement u n c e r t a i n t i e s  p reven t  f i r m  conc lus ions.  Homeowners had 
decreased the  u n i t  f an  speeds and thus t he  r a t e s  o f  a i r  f l o w  through the  
AAHX u n i t s  and the homeowners' evaluations o f  the u n i t s  were var iab le .  

Recommendations f o r  f u t u r e  m i t i g a t i o n  system i n s t a l l a t i o n s ,  i nc l ude  
the use o f  a i r  f i l t e r s  on subsurface p ressur i za t ion  systems, sh ie l d i ng  o f  
fan speed con t ro ls  t o  prevent casual adjustment, ca re fu l  mounting o f  fans 
t o  prevent no ise and v i b r a t i o n  transmission, and t he  d i s p l a y  o f  not ices,  
on o r  near the m i t i g a t i o n  equipment, desc r ib ing  t he  m i t i g a t i o n  system and 
the cor rect  operation o f  the fan and other components. 
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Figure 1. Radon con cent ratio^ in the main occupied level of levan home* with aubaurface ventilation ayntenu. 
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Figure 2. Radon concentrations in the main occupied level of house* w i t h  basement prewuri~ation system*. 
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TABLE 1. SUMMARY OF RADON HEASUREMENTS (pCi/l) 

Cont i nuaus Continuous 
Radon Monitor Alpha Track Radon Monitor 

Original Study Follow-up Visi t  Follow-up Visi t  
Alpha Track Pre H i t  Post H i t  Alpha Track Alpha Track Alpha Track Alpha Track Alpha Track Alpha Track Pre Post Pre Post 

Sample Sunnier Winter Winter Spring Sunner Fal l  Winter Winter Annua 1 Minter Winter Winter Winter 
Location * 85 85-86 85-86 3/86-6/86 6/86-9/86 9/86-12/86 12/86-4/87 12/87-5/88 4/87-4/88 87-88 87-88 87-88 87-88 

SUB SURFACE VENTILATION 
PRESSURIZATIOH MODE 

HOUSE ESP101 
Lvl 1 F.B. 2 7 13 4 3 21 17 
Lvl 2 Hd.0. 6 12 3 3 18 16 
Lvl 3 Main 3 28 1 3 7 3 2 15 11 
Lvl 4 Top 5 5 2 3 14 10 

HOUSE ESP108 
Lvl 1 F.B. 1 11 10 9 2 10 11 
Lvl 2 Main 4 15 1 8 6 6 2 8 8 

HOUSE ESP111 
Lvl 1 F.B. 
Lvl 2 Hd.0. 
Lvl 3 Main 
Lvl 4 Top 

HOUSE ESP1 13 
Lvl 1 Hd.B. 
Lvl 2 Main 
Lvl 3 Top 

HOUSE ESP120 
Lvl 1 F.B. 
Lvl 2 Main 
Lvl 3 Top 

HOUSE ECD026 
C r w l  
Lvl 1 Hd.B. 
Lvl 2 Main 
Lvl 3 Top 

DEPRESSURIZATION MOOâ 

HOUSE ESP119 
C r w l  
Lvl  1 Hd.0. 
Lvl 2 Main 
Lvl 3 Top 

KEY: Lvl - = Level 
Pre M i t  = Pre-mitigation 
Post M i t  = Post-mitigation 
F.B. = Full Basement 
Hd.0. = 1/2 Depth Basement 
C r w l  = Crawlspace 
Main = Typically Ground Floor - - - = No Data 
a = Suspect Mislabeled Detector Locati 
b = System Fan O f f  
c = Crawlspace Vents Closed 

ons 



. 
TABLE 1 (continued). SUMMARY OF RADON MEASUREMENTS (pCi/l) 

Continuous Cont i nuous 
Radon Monitor Alpha Track Radon Monitor 

Original Study Follow-up V i s i t  Follow-up V is i t  
Alpha Track Pre H i t  Post H i t  Alpha Track Alpha Track Alpha Track Alpha Track Alpha Track Alpha Track Pro Post Pre Post 

Sample Slimier Minter Winter Spring Sunner Fal l Winter Winter Annual Winter Winter Winter Winter 
Locat ion '85 85-86 85-86 3/86-6/86 6/86-9/86 9/86-12/86 12/86-4/87 12/87-5/88 4/87-4/88 87-88 87-88 87-88 87-88 

BASEMENT OVERPRESSURIZATION 

HOUSE ESP116 
Lvl  1 F.B. 9 5 - - - 16 9 --- 21 
Lvl  2 Main 20 2 2 - - - 6 9 6 5 

HOUSE Em153 
C r w l  
Lv l  1 Hd.6. 
Lv l  2 Top 1 

HOUSE NW077 
Crwl 
Lv l  1 F.B. 
Lv l  2 Main 

HOUSE NSP204 
Crul 
Lv l  1 F.B. 
Lv l  2 Main --- 

AIR-AIR HEAT EXCHANGERS 

HOUSE ESP109 
Lv l  1 F.B. 
Lv l  2 Main 2 7 2 2 2 

HOUSE ESP121 
Lvl  1 Hd.6. 6 3 5 - - - 4 6 --- Lvl  2 Main 1 11 3 3 1 4 5 4 

BASEMENT VENTILATION WITH PRESSURIZATION 

HOUSE EC0027 
Lvl  1 F.B. 1 1 3 3 2 1 18 
Lvl  2 Main 4 45 1 1 2 2 1 2 5 
Lvl 3 Top 1 2 1 1 1 5 

KEY L v ~  - = Level 
Pre H i t  = Pre-mitigation 
Post H i t  = post-mit igation 
F.B. = Fu l l  Basement 
HdA. = 1/2 Depth Basement 
C r w l  = Crawlspace 
Main = Typical ly Ground Floor - - -  = No Data 
a = Suspect Mislabeled Detector Locations 
b = System Fan O f f  
c = Crawlspace Vents Closed 
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