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ABSTRACT 

I n  a n  EPA radon m i t i g a t i o n  demonstrat ion p r o j e c t ,  14  houses i n  t h e  
Nashville,  Tennessee a r e a  having indoor  radon l e v e l s  ranging from 5.6 
t o  47.6 pCi/L were mi t iga t ed  us ing  a v a r i e t y  of techniques. These techniques 
were designed t o  be t h e  most c o s t - e f f e c t i v e  methods poss ib l e  t o  implement and 
y e t  adequately reduce t h e  radon l e v e l s  t o  less than  4 pCi/L. For  t h e  crawl 
space houses,  t hese  techniques  inc luded:  s e a l i n g  t h e  openings between t h e  
l i v i n g  a reas  and t h e  crawl space and then  pass ive ly  ven t ing  t h e  crawl space, 
depressur iza t ion  of t h e  crawl space ,  dep res su r i za t ion  under polye thylene  
shee t ing  i n  t h e  crawl space,  and d e p r e s s u r i z a t i o n  of the  crawl space  s o i l .  
I n  t he  basement and basement/ crawl space combination houses,  t h e  techniques 
used included: sub-slab p r e s s u r i z a t i o n  and d e p r e s s u r i z a t i o n ,  b lock  wall 
depressur iza t ion ,  and  combinations of t h e s e  techniques wi th  some of those  
above f o r  t he  exposed s o i l  a r e a s .  Post-mit igat ion worst c a s e  radon 
l e v e l s  i n  these  houses gene ra l ly  ranged from l e s s  than 1 t o  about  5 pCi/L 
w i t h  one house near 15 pCi/L. These houses a r e  c u r r e n t l y  be ing  monitored 
with alpha-track d e t e c t o r s  t o  a s s e s s  t h e i r  longtenn exposure l e v e l s .  

This  paper has been reviewed i n  accordance wi th  t h e  United S t a t e s  
Environmental P r o t e c t i o n  Agency's peer  and admin i s t r a t i ve  review p o l i c i e s  and 
approved f o r  p r e s e n t a t i o n  and publ ica t ion .  



INTRODUCTION 

The S ta t e  of Tennessee, i n  cooperat ion with t h e  U. S. Environmental . 
Pro tec t ion  Agency's (EPA's) S t a t e  Radon Survey Program, conducted a survey t o  
i d e n t i f y  a r e a s  within t h e  s t a t e  having the  p o t e n t i a l  f o r  e l eva t ed  radon 
l e v e l s  i n  p r iva t e ly  owned houses (1) .  Based on t h e  r e s u l t s  of t h a t  survey ,  
i t  wases t imated  t h a t  84.2% of t he  houses i n  t he  s t a t e  have radon l e v e l s  
below 4 p icocur ies  pe r  l i t e r  (pCi/L), 14.5% have l e v e l s  between 4 a n d  20 
p ~ i / L ,  and 1.3% have l e v e l s  equal  t o  o r  g r e a t e r  than 20 pCi/L. The h ighes t  
l e v e l  detected i n  t h i s  survey was 99.9 pCi/L. From t h e  g e o l o g i c a l  cha rac t e r  
of t he  s o i l s  and rocks i n  t h e  various p a r t s  of t h e  s t a t e ,  four  l e v e l s  of r i s k  
f o r  indoor radon were developed. The a r e a s  of h ighes t  r i s k  form a b i fu rca t ed  
band through the  c e n t r a l  p a r t  of the  s t a t e .  This band inc ludes  t h e  g r e a t e r  
p a r t  of Davidson County which a l s o  happens t o  be one of t he  most populated 
count ies  i n  t h e  s t a t e .  

Tennessee, Alabama, Mis s i s s ipp i ,  and Kentucky represent  a n  a r e a  i n  
which the re  e x i s t  a l a r g e  number of houses of a type f o r  w h i c h t h e r e  a r e  very 
l i t t l e  da ta  regarding t h e  app ropr i a t e  technique t o  use f o r  radon mi t iga t ion .  
This cons t ruc t ion  type ,  t h e  crawl space house, ccording t o  a su rvey  by t h e  
Nat iona l  Associat ion of Home Builders-Na t i o n a l  5s s e a r c h  Center  (NAHB-NRC) 
(2) ,  represented from 16  t o  32% of the  housing starts over t he  p e r i o d  197 4 t o  
1983. This represents  more than  100,000 houses b u i l t  i n  t h i s  f o u r  s t a t e  area 
during t h i s  9-year per iod  alone.  Thus, t h e  crawl space house r e p r e s e n t s  a 
s i g n i f i c a n t  f r a c t i o n  of t h e  e x i s t i n g  houses i n  t h e  Midsouth and perhaps i n  
o t h e r  regions of t h e  United S ta tes .  In  g e n e r a l ,  crawl space  houses can b e  
de f ined  a s  those i n  which a p a r t  o r  a l l  of t he  l i v i n g  a rea  of t h e  house is 
b u i l t  over an  enclosed a r e a  containing exposed e a r t h .  P r io r  t o  t he  co l l ec -  
t i o n  of recent  radon d a t a  (31 ,  crawl spaces 'were even considered t o  be a 
v i a b l e  a l t e r n a t i v e  f o r  radon con t ro l  i n  new 'cons t ruc t ion  ( 4 ) .  Thus, t h e  
houses i n  Davidson County, Tennessee, o f f e r e d  a n  i d e a l  oppor tun i ty  t o  expand 
the  present  da ta  base o f  mi t iga t ion  methods t o  inc lude  crawl space  houses. 
Another type of house mi t iga t ed  during t h i s  s tudy  was t h e  basement house i n  
which t h e  basement was excavated from a n  e x i s t i n g  crawl space. I n  many o f  
t h e s e  houses t he re  remain a r e a s  of exposed s o i l  i n  open communication wi th  
the  basement. This type  of cons t ruc t ion  i s  a l s o  t y p i c a l  of o l d e r  e x i s t i n g  
houses i n  the  Midsouth; hence, i t  of fered  y e t  ano the r  oppor tuni ty  t o  t e s t  
app ropr i a t e  mi t iga t ion  techniques.  

The primary purpose of the  work descr ibed  i n  t h i s  paper was t o  develop 
cos t - e f f ec t ive  techniques f o r  radon mi t iga t ion  i n  houses i n  t h e  Nashvi l le  
met ropol i tan  a rea  (NMA) which would be a p p l i c a b l e  t o  s i m i l a r  cons t ruc t ion  
designs i n  other  p a r t s  of t h e  country. 

HOUSE SELECTION AND DIAGNOSTIC EVALUATION 

The houses f o r  t h i s  demonstration were s e l e c t e d  from respondents t o  a 
media announcement f o r  homeowners whose houses had previously been t e s t e d  and 
found t o  contain e l eva t ed  l e v e l s  of radon ( g r e a t e r  than  4 pCi/L). From 
approximately 100 respondents ,  30 houses were s e l e c t e d  f o r  a more e x t e n s i v e  
house evaluat ion and p o s s i b l e  p a r t i c i p a t i o n  i n  t h e  m i t i g a t i o n  demonstration. 



These 30 houses i n  Davidson and Williamson Count ies ,  which comprise t he  NMA, 
were screened between September 8 and 11, 1987, by a team of s c i e n t i s t s  from 
EPA, Tennessee Department of Hea l th  and Environment, Southern Research 
I n s t i t u t e  and Camroden Assoc ia tes ,  f o r  poss ib l e  i n c l u s i o n  i n  t h e  f i r s t  phase 
of the Middle Tennessee radon m i  t i g a t i o n  demonstration. A s  a r e s u l t  of t hese  
screening v i s i t s ,  15 houses were s e l e c t e d  f o r  t h e  m i t i g a t i o n  demonst ra t ion  
program. Table 1 summarizes t h e  s e l e c t e d  houses. 

An ex tens ive  d i a g n o s t i c  v i s i t  t o  each house was conducted between 
October 2 1  and 27, 1987. During t h i s  v i s i t ,  each  house was sub jec t ed  t o  a 
s e r i e s  of d i agnos t i c  t e s t s  which inc luded:  ( I )  radon grab  and  s n i f f e r  
measurements, bo th  i n  t h e  lower l i v i n g  a r e a s  and i n  t h e  basement o r  crawl 
space ,  (2) communication t e s t s  us ing  smoke and t r a c e r  gas  t o  determine t h e  
leakage between house and crawl space ,  (3) i n f i l t r a t i o n  t e s t s  us ing  f a n  doors  
t o  q u a n t i t a t e  t he  leakage a r e a s  i n  t h e  house c o n s t r u c t i o n ,  ( 4 )  pres su re  
d i f f e r e n t i a l  measurements between house and crawl space and between t h e  house 
o r  crawl space and outdoors ,  (5)  a gamma ray survey  of t he  house, crawl 
space,  and the surrounding l o t  s i t e ,  and ( 6 )  communication t e s t s  of t h e  
condi t ions  under t he  basement s lab .  

Also during t h e  v i s i t ,  measurements and i n v e s t i g a t i o n s  were c a r r i e d  ou t  
i n  o rde r  t o  complete t h e  development of house s p e c i f i c  radon reduct ion  plans.  
Ten ta t ive  m i t i g a t i o n  s t r a t e g i e s  had been previous ly  i d e n t i f i e d ,  and addi- 
t i o n a l  t e s t s  and obse rva t ions  s p e c i f i c  t o  each house m i t i g a t i o n  method o r  
combination were temporari ly  implemented dur ing  t h e  d i a g n o s t i c  t e s t  week i n  
October. These t e s t s  inc luded:  s o i l  d e p r e s s u r i z a t i o n  i n  p i t s  excavated i n  
t h e  crawl space s o i l ,  sub-polyethylene d e p r e s s u r i z a t i o n  us ing  t h e  e x i s t i n g  
p l a s t i c  s h e e t i n g ,  and double blower door t e s t s  t o  determine t h e  leakage a r e a  
of both t h e  house and t h e  crawl space. Also, c h a r c o a l  c a n i s t e r s  (CCs) and 
alpha t r a c k  d e t e c t o r s  (AIDS) were placed i n  t he  crawl space o r  basement a n d  
on the  f i r s t  h a b i t a b l e  l e v e l  above t o  o b t a i n  a p remi t iga t ion  radon back- 
ground. In each l o c a t i o n ,  d u p l i c a t e  d e t e c t o r s  were co-located i n  an  e f f o r t  
t o  determine t h e  v a r i a t i o n  t h a t  could be expected i n  t h e s e  houses. 

MITIGATION SYSTEMS 

For  each of t h e  houses,  a s t aged  m i t i g a t i o n  s t r a t e g y  was developed such 
t h a t  each phase of t h e  work was a s  independent of the  o t h e r s  as p o s s i b l e .  
The s t r a t e g y  was such t h a t  Stages:  1 be low-cost ($500 o r  l e s s )  and  e a s i l y  
removed o r  turned o f f  i f  p o s s i b l e ;  2 have a h igh  p r o b a b i l i t y  of success  a t  
moderate cos t  ($500 - $2000); and 3 be almost a guaranteed r educ t ion  method 
a t  higher  c o s t  ($2000 - $5000). It was a n t i c i p a t e d  t h a t  no more t h a n  25% of 
t h e  houses would r e q u i r e  implementation of S tage  3. To o b t a i n  t h e  maximum 
s c i e n t i f i c  b e n e f i t ,  Stage 2 would be i n s t a l l e d  and t e s t e d  r e g a r d l e s s  of t h e  
r e s u l t s  obtained wi th  S tage  1. 

The m i t i g a t i o n  s t r a t e g i e s  f o r  each house were developed us ing  t h e  i n f o r -  
mation obtained during both t h e  screening  and d i a g n o s t i c  v i s i t s :  type  of  
house cons t ruc t ion ,  c o n d i t i o n  of house f l o o r i n g ,  e x i s t e n c e  of hea t ing  and a i r  
condi t ion ing  (HAC) duct ing  i n  t h e  crawl space ,  ex t en t  and cond i t i on  of e x i s -  
t i n g  polye thylene  shee t ing  under  t h e  house, c o n d i t i o n  of crawl space s o i l ,  



ex i s t ence  of a  basement and condi t ion  of the s l a b ,  ex i s t ence  of any exposed 
s o i l  a r eas  i n  the basement, and ex ten t  t o  which a i r  flow could be induced 
under the concrete  s l a b  (sub-slab communication). From t h e s e  s i t e  cond i t i ons  
a  matrix of  mi t iga t ion  s t r a t e g i e s  was developed t h a t  would e v a l u a t e ,  demon- 
s t r a t e ,  and allow comparisons of each technique t o  a r r i v e  a t  those  methods 
t h a t  would be both s u c c e s s f u l  and c o s t - e f f e c t i v e  f o r  houses similar t o  t hose  
i n  Nashville.  This mat r ix ,  shown i n  Table 2, i nco rpora t e s  a t  l e a s t  a two- 
phase mi t iga t ion  approach f o r  each house i n  t h e  study. 

CRAWL SPACE HOUSES 

The major radon e n t r y  po in t s  from t h e  crawl space i n t o  t h e  house proper  
a r e  through the  numerous e l e c t r i c a l  and plumbing pene t r a t ions  i n  t h e  house 
f l o o r  and v i a  t h e  r e t u r n  a i r  duc t ing  o f t e n  loca t ed  i n  t h e  crawl space. A s  
the  pressure i n  the  house dec reases  r e l a t i v e  t o  t h e  pressure  i n  t he  crawl 
space,  radon gas emanating from t h e  exposed s o i l  is  r a p i d l y  drawn i n t o  t h e  
house. Operation of t h e  HAC system can g r e a t l y  enhance t h e  normal s t a c k  
e f f e c t  produced by temperature d i f f e r e n t i a l s  between house i n t e r i o r  and 
ambient condi t ions.  Thus, the radon l e v e l s  can be a s  much a s  2 o r  3 t imes  
h ighe r  i n  t he  win te r  than i n  t h e  summer. 

I s o l a t i o n  of t h e  Crawl Space from t h e  House 

I n  t h i s  m i t i g a t i o n  technique t h e  i n t e n t  is t o  s e a l  a l l  p o s s i b l e  penetra- 
t i o n s  between the  crawl space and the  house i n  a n  e f f o r t  t o  prevent t h e  
passage of radon up i n t o  the  l i v i n g  a reas .  The houses s e l e c t e d  f o r  t h i s  
mi t iga t ion  technique were those  with low t o  moderate leakage between t h e  
crawl space and house. Sea l ing  was accomplished us ing  expandable c losed-ce l l  
foam s e a l a n t  and one p a r t  urethane caulking.  J o i n t s  i n  t he  r e t u r n  a i r  duc t s  
were inspected wi th  a  smoke s t i c k  while  t h e  HAC f a n  was running. Also, t h e  
common p rac t i ce  of cons t ruc t ing  r e t u r n  a i r  plenums us ing  the  f l o o r  j o i s t s  and 
t h e  sub-flooring was c a r e f u l l y  inspected.  This  cons t ruc t ion  technique had 
mult iple  leakage poin ts  i n t o  the  crawl space t h a t  were impossible t o  com- 
p l e t e l y  sea l .  No e f f o r t  was made t o  s e a l  t h e  crawl space l eaks  t o  t h e  out- 
s i d e  of the  house. Block vents  were l e f t  t o  ope ra t e  i n  the customary manner, 
open i n  t he  summer and c losed  i n  the  winter .  

I s o l a t i o n  and Pass ive  V e n t i l a t i o n  of t h e  C r a w l  Space (IVCS) - - - 
I n  t h i s  modi f ica t ion  of t h e  above technique,  t h e  leakage p o i n t s  a r e  

sea led  a s  before  a long  with a l l  but two o r  t h r e e  of the  b lock  vents  i n  t h e  
foundat ion wall .  These were l e f t  open even i n  t h e  win te r  i n  o rde r  t o  a l low 
a i r  t o  flow through the  crawl space ,  d i l u t i n g  and removing the  radon gas.  
Water and waste pipes near  t h e  open vents  were wrapped wi th  i n s u l a t i o n  t o  
prevent f reez ing .  This  mi t iga t ion  method could only  be used on those houses 
w i th  in su la t ed  f l o o r s  and e i t h e r  wi th  no HAG duc t s  i n  t h e  crawl space o r  
where t h e  ducts  were we l l  i n s u l a t e d  beforehand. Attempting t o  wrap e x i s t i n g  
ductwork was ruled out  a s  both c o s t l y  and d i f f i c u l t .  For t h i s  technique t o  
be e f f e c t i v e ,  not on ly  must t h e  s e a l i n g  be adequate ,  but a l s o  t h e r e  must be  
ample a i r  flow through t h e  block vents .  The a i r  flow is  g r e a t l y  inf luenced  
by the  l o t t o p o l o g y  and house o r i e n t a t i o n  r e l a t i v e  t o  p r e v a i l i n g  winds. 



I s o l a t i o n  and Active Depressurizat ion of the  Crawl Space (IDCS) - 
This is a v a r i a t i o n  on the above technique wherein a f a n  is  placed i n  

t h e  crawl space t o  a c t i v e l y  exhaust the a i r  from underneath the  house. The 
leaks i n t o  the  l i v i n g  a reas  have t o  be sea led  a s  t i g h t l y  a s  poss ib le  t o  pre- 
vent l o s s  of conditioned a i r ,  and hence, c o n s t i t u t i n g  a n  energy l o s s .  
Idea l ly ,  the  block vents  a r e  sea led  i n  a n  e f f o r t  t o  produce a negative p res -  
s u r e  i n  the  crawl space. P r a c t i c a l l y ,  t h e r e  is s u f f i c i e n t  outs ide  a i r  in- 
leakage t o  cause the  radon s o i l  gas t o  be d i l u t e d  i n  a d d i t i o n  t o  being 
exhausted. 

I s o l a t i o n  and Active Pressur i za t ion  of -- t he  Crawl Space (IPCS) 

In t h i s  mi t iga t ion  s t r a t e g y ,  the  crawl space is i s o l a t e d  from t h e  house 
and then outside a i r  is a c t i v e l y  inducted i n t o  t h e  crawl space i n  order  t o  
suppress the radon f l u x  from the  s o i l .  As the crawl space becomes pressu- 
r i zed ,  the  excess a i r  i s  ducted back ou t s ide  and exhausted. Because of 
energy considera t ions ,  the  excess a i r  is exhausted through a heat  exchanger 
t o  condition the  incoming a i r .  Both the  i n l e t  and the  exhaust a r e  located a t  
roof l e v e l  with the  hea t  exchanger located i n  t h e  connecting ductwork t o  t h e  
crawl space (Current Model 300, Current Indoor Ai r  Systems, Inc . ,  Boulder, 
Colorado). 

Sub-Soil Depressurizat ion i n  the  Crawl Space (SSOD)- 

This mi t iga t ion  design is novel i n  t h a t  the  depressur i za t ion  i s  c r e a t e d  
d i r e c t l y  i n  the  s o i l  i t s e l f .  Four p i t s  approximately 46 cm (18 in . )  deep and 
61 cm (24 in . )  i n  diameter were dug i n  the  s o i l ,  one i n  each quadrant of t h e  
crawl space. Each p i t  was covered by a 92 cm (3  f t )  square piece of t r ea ted  
plywood countersunk i n t o  t h e  s o i l  around the  p i t .  The plywood was covered 
with s o i l ,  and a 10 cm (4 in . )  PVC pipe was a t t ached  through the  wood. The 
p i t s  were connected t o  a s i n g l e  i n l i n e  suct ion  f a n  (Model K4XL, RB 
Kanalf lakt ,  Inc. ,  Sarasota ,  F lor ida)  with the  exhaust through a block vent  i n  
the  foundation wall.  No e f f o r t  was made t o  s e a l  the  f loor  of the  house s i n c e  
t h e  radon gas would be removed before i t  escaped i n t o  the  crawl space. 

Sub-Polyethylene Sheeting D e ~ s s u r i z a t i o n  (SPD) 

This  mi t iga t ion  technique i s  a v a r i a t i o n  of the  successful  sub-slab 
depressur iza t ion  method used f o r  slab-on o r  below-grade houses. Many of t h e  
n ine  houses had some e x i s t i n g  polyethylene shee t ing  covering t h e  d i r t  i n  the  
crawl space. This covering is a popular method used t o  con t ro l  moisture i n  
t h e  l i v i n g  areas.  The e x i s t i n g  polyethylene shee t ing  was supplemented where 
necessary t o  completely cover the  exposed d i r t .  This gas t igh t  b a r r i e r  forms 
a small-volume plenum above t h e  s o i l  i n  which t h e  radon gas c o l l e c t s .  A f a n  
was i n s t a l l e d  t o  pu l l  the c o l l e c t e d  s o i l  gas from under the  sheet ing  and 
exhaust i t  outs ide  the  house. I n i t i a l l y ,  no at tempts were made t o  s e a l  the  
polyethylene t o  the  foundation walls o r  t o  any support  p i e r s .  The s h e e t s  
were l a i d  d i r e c t l y  on the  e a r t h  s o  a s  t o  produce l a p s  of a t  l e a s t  31 cm (1 
f t )  a t  jo in t s .  In a t  l e a s t  one l o c a t i o n ,  dra inage  mate r i a l  (Enkadrain Type 
9010, BASF Corp., F ibe r s  Div. ,  Enka, North Carolina)  was placed under the  
sheet ing t o  improve a i r  flow. In genera l ,  t h i s  is not necessary unless t h e  



s o i l  su r f ace  i s  excess ive ly  hard and smooth or  the  crawl space a r e a  is ex- 
c e p t i o n a l l y  l a r g e .  When excess ive  a i r  Leaks prevented e f f e c t i v e  removal o f  
t he  radon, t h e  j o i n t s  between s h e e t s  were s e a l e d  wi th  a bead of caulking. 
Also, where the  number of support  p i e r s  was l a r g e  o r  l oca t ed  c l o s e  t o  t h e  
s u c t i o n  poin t ,  t h e  p l a s t i c  shee t ing  was s e a l e d  t o  t h e  p i e r s  wi th  caulk ing  and 
wood s t r i p s .  In some of the  houses,  t he  p l a s t i c  s h e e t i n g  was a l s o  s e a l e d  t o  
t h e  foundation wa l l s  t o  reduce a i r  leaks.  

BASEMENT OR COMBINATION HOUSES 

In  a simple basement slab-on-grade, o r  slab-below-grade house, t h e  
major en t ry  po in t s  a r e  through openings i n  and around t h e  s l a b  and/or  through 
the  hollow block wal l s  of t h e  s t r u c t u r e .  Successful  mi t iga t ion  can be a c h i -  
eved by e i t h e r  s ea l ing  t h e s e  openings o r  a c t i v e l y  d i v e r t i n g  t h e  radon gas t o  
t he  outs ide  of the  house before  it e n t e r s  t h e  l i v i n g  a reas .  For t h e  houses 
of t h i s  study i n  which exposed a r e a s  of s o i l  a r e  l oca t ed  i n  the  basement, 
a d d i t i o n a l  e n t r y  rou te s  f o r  radon gas have t o  be taken  i n t o  cons ide ra t ion  i n  
t h e  mi t iga t ion  process. 

Sub-Slab Depressur iza t ion  (SSD) 

This  method has a high p r o b a b i l i t y  of success  i n  houses t h a t  e x h i b i t  
good communication under t h e  s lab .  Sub-slab communication i n  t hese  houses 
was poor t o  nonexistent .  Consequently, one a spec t  of t h i s  s tudy was t o  
determine i f  t he  technique could be optimized o r  improved by modi f ica t ion  of 
t h e  p i t  excavated under t h e  s lab .  To t h i s  end, sub-slab depressur iza t ion- -  
with a: wide 61 cm wide(w) x 20 cm deep(d) (24 x 8 in.)(SSD-W), narrow 7.6 cm 
(w) x 7 2  cm(d) (3 x 28 in . )  (SSD-N), o r  progress ive ;  ze ro ,  25 cm(w) x 30 cm(d) 
(10 x 1 2  i n . ) ,  48 cm(w) x 4 1  cm(d) (19 x 16 i n . ) ,  a n d  61 cm(w) x 46 cm(d) (24 x 
18 in.)(SSD-P) p i t  s i z e  under t h e  slab-- was c a r r i e d  out  i n  s e v e r a l  of t h e  
houses. Here, p ressure  f i e l d s  were monitored with t h e  s u c t i o n  f a n  tempo- 
a r i l y  i n s t a l l e d  a t  t h e  s u c t i o n  poin t  t o  determine which sub-slab hole  shape 
o r  s i z e  r e su l t ed  i n  t h e  b e s t  (measurable) pressure  f i e l d  ex tens ion  under t h e  
s l ab .  In  some cases ,  a s i n g l e  s u c t i o n  poin t  was s u f f i c i e n t ,  while  i n  o t h e r s ,  
two suc t ion  poin ts  were i n s t a l l e d .  

Sub-Slab P lus  Block Wall Depressur iza t ion  (SSBWD) - - 
In some of t h e  houses,  h igh  radon l e v e l s  were measured i n  the  hol low 

block walls of e i t h e r  t h e  foundat ion o r  non-support-bearing w a l l s  i n  t h e  
basement. These wal l s  were i n  d i r e c t  communication wi th  t h e  underlying s o i l ,  
and thus  required t reatment  by the  m i t i g a t i o n  system. This  was accomplished 
us ing  the  same sub-slab s u c t i o n  p o i n t ( s )  and simply t y i n g  i n t o  t h e  w a l l ( s )  
wi th  the  piping. 

Sub-Slab P lus  Sub-Poly Depressur iza t ion  (SSSPD) - 
For houses with exposed s o i l  i n  the basement, t h e  mi t iga t ion  system i n -  

corporated techniques similar t o  those used i n  crawl spaces.  The exposed 
s o i l  a r e a s  were covered wi th  poly shee t ing  and ,  if necessary ,  t h e  a i r  between 
p l a s t i c  and s o i l  was exhausted us ing  t h e  same s u c t i o n  f a n  used f o r  t he  SSD 
system. 



Pres su r i za t ion  of Basement (PB) - 
I n  t h i s  technique,  t h e  basement is  p re s su r i zed  by us ing  a  f a n  t o  i n j e c t  

ou t s ide  a i r  i n t o  the  basement t o  r a i s e  t h e  ambient p re s su re  above t h e  l e v e l  
of dep res su r i za t ion  a n t i c i p a t e d  from t h e  wind and/or  s t a c k  e f f e c t  and t h a t  
produced by a i r  moving equipment. The use of some form of hea t  exchanger was 
a n t i c i p a t e d  t o  reduce t h e  energy penal ty  r e s u l t i n g  from t h i s  technique. 

Sub-Slab P r e s s u r i z a t i o n  (SSP) - 
This  technique was e a s i l y  accomplished w i t h  any of t he  SSD systems by 

simply revers ing  the  f a n  f low d i r e c t i o n .  

HOUSE MITIGATION RESULTS 

S i x  houses were mi t iga t ed  i n  December 1987: DW 3 1 ,  DW 43 ,  DW 60,  DW 6 6 ,  
DW 82, and DW 90. A l l  of t hese  a r e  crawl space houses except  DW 4 3  which is  
a  basement converted from crawl space.  The remaining houses were mi t iga t ed  
over  t h e  period January through A p r i l  1988. The only house not  mi t iga t ed  
during t h i s  phase of t he  p r o j e c t  was DW 58, which i s  scheduled f o r  m i t i g a t i o n  
dur ing  t h e  f a l l  of 1988. Addi t iona l  pre-mit igat ion,  co-located,  CC measure- 
ments of the  radon l e v e l s  i n  both the  f i rs t  h a b i t a b l e  l e v e l  and t h e  basement 
o r  crawl space were c a r r i e d  o u t  j u s t  p r i o r  t o  m i t i g a t i o n  work on each of t h e  
houses. These measurements were c a r r i e d  out  over  e i t h e r  48- o r  72-hour 
per iods  between November 28, 1987, and A p r i l  11, 1988. These r e s u l t s  a r e  
shown i n  Table 3. 

The r e s u l t s  of implementing t h e  m i t i g a t i o n  techniques desc r ibed  i n  Table 
2 a r e  summarized i n  Table 4 where t h e  average pre-  and  pos t -mi t iga t ion  CC 
measurements, a long  w i t h  t h e  percentage reduct ion  i n  radon l e v e l s ,  a r e  tabu- 
l a t e d .  Notice t h a t  t h e  f i n a l  l e v e l  of radon i n  a  given house may be t h e  
r e s u l t  of one o r  more phases of m i t i g a t i o n  c a r r i e d  ou t  a t  t h a t  house. 

In o rde r  t o  compare t h e  amount of r educ t ion  achieved  f o r  each phase of 
t h e  mi t iga t ion  process  i n  each of t h e  houses,  t h e  r e s u l t s  from cont inuous 
radon monitors (CRMS) were used (model AB-5 monitors equipped wi th  model PRD- 
1 pass ive  c e l l s ,  Pylon E l e c t r o n i c  Development Co. , Ltd. , Ontar io ,  Canada). 
In  gene ra l ,  a CRM was i n s t a l l e d  i n  t he  l i v i n g  a r e a  of t h e  house a t  l e a s t  48  
hours  before  i n s t a l l a t i o n  of any m i t i g a t i o n  devices .  The CRM was then  e i t h e r  
l e f t  i n  opera t ion  through t h e  i n s t a l l a t i o n  o r  removed and re turned  a f t e r  work 
was completed. The CRM was then allowed t o  run f o r  a t  l e a s t  48 hours  t o  
ob ta in  post-mitigation l e v e l s .  I f  more than one phase o f  m i t i g a t i o n  was 
c a r r i e d  ou t ,  t h e  monitor ing procedure was repeated.  The r e s u l t s  of t h e s e  
measurements f o r  each mi t iga t ion  technique a r e  summarized i n  Tables  5 a n d  6,  
where the  percent r educ t ion  i n  t h e  radon l e v e l s  fo l lowing  each m i t i g a t i o n  
phase a r e  t abu la t ed  f o r  crawl space and basement/combination houses,  
respec t ive ly .  

CRAWL SPACE HOUSES 

I n  some cases  (ICS and IVCS), t h e r e  were negat ive  reduct ions  ( i n c r e a s e s )  
i n  the radon l e v e l s .  These a r e  thought t o  be due t o  both  t h e  d i f f i c u l t y  i n  



s e a l i n g  between t h e  l i v i n g  a r e a s  and the  crawl space and the  v a r i a b i l i t y  i n  
a i r  flow through the crawl space. Sea l ing  was e s p e c i a l l y  d i f f i c u l t  due t o  
t h e  numerous cracks and c rev ices  i n  the  sub-flooring. To completely s e a l  t h e  
house from the  crawl space would have requi red  major s t r u c t u r a l  changes t o  
t h e  house such a s  i n s t a l l i n g  a continuous vapor b a r r i e r  below t h e  sub-f loor  
o r  f l o o r  j o i s t s .  Also, t h e  amount of su r f ace  a r e a  a v a i l a b l e  f o r  v e n t i l a t i o n  
using e x i s t i n g  block v e n t s  was i n s u f f i c i e n t  i n  view of t h e  low p r e v a i l i n g  
winds. Thus, i s o l a t i o n  a lone  o r  i s o l a t i o n  and p a s s i v e  v e n t i l a t i o n  of t h e  
crawl space appears  t o  be a ques t ionable  technique f o r  radon mi t iga t ion .  

While the technique of i s o l a t i o n  and dep res su r i za t ion  of t h e  crawl space 
(IDCS) achieved a 90% reduc t ion  of the  radon l e v e l s  i n  t h e  l i v i n g  space ,  i t  
a l s o  doubled the  radon l e v e l s  i n  t he  crawl space (as seen  i n  Table 4) .  Thus, 
t h i s  method would not be a p p l i c a b l e  t o  houses i n  which t h e  crawl space is 
entered  on a regular  b a s i s .  Also, t h e  s e a l i n g  between house and crawl space  
must be s u f f i c i e n t  t o  prevent  drawing a n  excess ive  amount of condi t ioned  a i r  
from t h e  l i v i n g  a r e a s .  If t h e r e  a r e  HAC ducts  i n  t h e  crawl space ,  t h i s  
method could lead  t o  problems l a t e r  i f  l e a k s  develop i n  t h e  r e t u r n  a i r  duc ts .  

I s o l a t i o n  and p r e s s u r i z a t i o n  of the crawl space  (IPCS) has been i n i t i a -  
t e d  i n  one house (DW 6O), b u t  no d a t a  r e f l e c t i n g  t h e  e f f e c t i v e n e s s  of t h i s  
technique a r e  ava i l ab l e .  This technique w i l l  b e  evaluated i n  t h e  near  
f u t u r e ,  and the  r e s u l t s  repor ted  l a t e r .  

The technique of dep res su r i za t ion  under a polyethylene shee t  cove r i n g  
the  s o i l  (SPD) has had the  broadest  a p p l i c a t i o n  i n  t h i s  s tudy.  It appears  t o  
be t h e  most gene ra l  approach t o  mi t iga t ing  crawl space houses. It has t he  
advantage of being r e l a t i v e l y  inexpensive and can i n  most ca ses  be done by 
s k i l l e d  o r  semi-skilled labor .  Measurable dep res su r i za t ion  under t h e  poly- 
e thylene  shee t ing  was observed a t  d i s t ances  from t h e  s u c t i o n  po in t  of up t o  
1.8 m (6 f  t )  i n  a l l  ca ses  and up t o  3.7 m (12 f t )  f o r  some of the  i n s t a l l -  
a t i o n s .  Smoke movement under t h e  polyethylene s h e e t i n g  was observed a t  even 
g r e a t e r  d i s tances .  In some houses t h e  p l a s t i c  shee t ing  had t o  be s e a l e d  t o  
t he  foundation wa l l s  (DW 2 7 )  and t o  some (DW 0 3 ,  DW 29, DW 60 )  o r  a l l  (DW 27)  
of the  house support p i e r s .  This  required a d d i t i o n a l  e f f o r t s  t o  ensure  a 
good s e a l  and mechanical a t tachment  t o  the  concre te  blocks. In t h e  Nashvi l le  
a r e a  many houses have foundat ion wa l l s  made of c u t  s tone.  Attempts t o  a t t a c h  
the  p l a s t i c  shee t s  t o  such i r r e g u l a r  su r f aces  have had very  l i m i t e d  success .  

Depressur iza t ion  of t h e  s o i l  i n  t he  crawl space appears  t o  be a r a t h e r  
simple technique. However, it has been t r i e d  i n  only two houses (DW 31 and  
DW 84 ) ,  one of which (DW 31) had f a i r l y  l oose  s o i l  compared t o  t h e  o t h e r  
e i g h t  crawl space houses. In  the  second house (DW 8 4 ) ,  t h e  s o i l  was more 
t y p i c a l  (hard-~acked  c l ay ) .  Tes t s  with smoke and w i t h  a n  e l e c t r o n i c  
micromanometer showed air flow i n t o  and dep res su r i za t ion  of t he  s o i l  a t  
d i s t ances  up t o  3.7 m (12 f t )  from t h e  s u c t i o n  poin t  i n  both houses. How- 
eve r ,  the  pos t -mi t iga t ion  radon da t a  f o r  house DW 8 4  a r e  of ques t ionab le  
q u a l i t y .  Reevaluation of t h i s  house is planned f o r  t h e  win te r  of 1988. A 
f a i r  assessment of t h i s  technique should be obta ined  during the  upcoming 
winter.  



BASEMENT OR COMBINATION HOUSES 

One- o r  two-point sub-slab d e p r e s s u r i z a t i o n  systems (SSD) were i n s t a l l e d  
i n  f i v e  basement o r  combination houses. Measurements of the  p re s su re  f i e l d  
ex tens ion  under t h e  s l a b  showed t h e  wide shal low p i t  t o  be more e f f e c t i v e  
than  the  narrow deep p i t .  The s u r f a c e  a r e a  of s o i l  exposed i n  the  p i t  was 
found t o  be more important  than  t h e  shape of t h e  p i t .  The radon r educ t ions  
achieved ranged from 28 t o  98%, a s  shown i n  Table 6. The house wi th  t h e  
g r e a t e s t  reduct ion  (DW 41) had a s i n g l e  s u c t i o n  po in t  i n s t a l l e d  nea r  t h e  edge 
of t he  s l a b  under t h e  f r o n t  foyer .  The s l a b  had good communication which 
allowed t h e  sub-slab a r e a  t o  be v e n t i l a t e d  from a s i n g l e  poin t .  Also t h e  
a r e a  of exposed s o i l  l oca t ed  under t h e  f r o n t  porch was smal l  [ <  8.4 m 2 
(90 f t 2 )  I and  was e a s i l y  i s o l a t e d  from t h e  l i v i n g  a r e a s  by cons t ruc t ion  of a 
t r e a t e d  plywood b a r r i e r  wall w i th  a s ea l ed  acces s  door. 

The lowest r educ t ion  f o r  SSD was a l s o  achieved us ing  a s i n g l e  s u c t i o n  
po in t  (DW 43). However, i n  t h i s  house t h e  communication under t h e  s l a b  was 
poor s o  t h a t  a n  a d d i t i o n a l  s u c t i o n  poin t  was requi red .  Also, t h i s  house had 
a cement-capped per imeter  s h e l f  around most of t h e  basement. This  she l f  was 
cons t ruc ted  of coarse  c inde r  blocks which allowed radon gas t o  e n t e r  t h e  
basement through t h e i r  f a c e  openings. Inco rpora t ing  block w a l l  s u c t i o n  
achieved a reduct ion  i n  t he  range of 42  t o  60%. Because of t h e  h i g h  p o r o s i t y  
of t he  blocks comprising t h e  w a l l ,  a ccep tab le  reduct ions  were not achieved 
u n t i l  t h e  w a l l  was coa t ed  wt ih  a s e a l e r  (SurWall brand).  The f i n a l  r educ t ion  
f o r  t h i s  house was 92%. - 

For  house DW 12, t h e  exposed s o i l  was contained behind a 46 cm (18 in . )  
t h i c k  cut  s t o n e  wall .  This a r e a  was covered w i t h  0.46 mm (6 nil) poly- 
e thylene  shee t ing  b u t  no d e p r e s s u r i z a t i o n  under t he  s h e e t i n g  was implemented. 
F ina l  reduct ion f o r  t h i s  house was 92% 

The exposed s o i l  i n  house DW 14 was l o c a t e d  behind a conc re t e  block 
wall .  This a r e a  was covered w i t h  6 mil polyethylene s h e e t i n g  s e a l e d  t o  t h e  
surrounding wa 11s. Depres su r i za t ion  under t h e  polye thylene  was accomplished 
by breaking through t h e  a d j o i n i n g  w a l l  (and under t h e  polye thylene)  wi th  t h e  
sub-slab system. The open block tops  of t h e  w a l l  were f i l l e d  wi th  expanding 
c losed-ce l l  foam. This  combination achieved a reduct ion  of 85%. Af ter  t h e  
top  of t h e  wa l l  was covered w i t h  a t r e a t e d  5 x 30 cm (2 x 12  in . )  board 
sea led  t o  the  t o p  of t h e  b locks  wi th  urethane s e a l a n t ,  a f i n a l  reduct ion  of  
93% was achieved. 

The remaining basement/combination house (DW 78) had a two-point sub- 
s l a b  suc t ion  system i n s t a l l e d  and achieved a radon reduct ion  of 78%. The 
a r e a  of exposed s o i l  i n  t h ' s  house 56 m2 (600 f t 2 )  was roughly twice the  a r e a  
of  the  s l a b  28  m2 (300 f t 2 )  and consequently r ep re sen ted  t h e  major source  f o r  
radon en t ry  i n t o  the  basement. A f t e r  covering t h e  s o i l  w i t h  6 m i l  polyethy- 
l ene  sea l ed  t o  t h e  s l a b  perimeter  wal l  and s e a l i n g  t h e  open b lock  tops  of 
t h a t  wal l  w i th  expandable foam, t h e  SSD system w a s  extended i n t o  t h e  wa l l  and 
thus  under t h e  polyethylene covering the  s o i l .  The f i n a l  r educ t ion  was 93% 
a s  measured i n  t h e  basement wt ih  t h e  CRM. 



The only house i n  which the  SSP technique was implemented was DW 41. 
Here the  f a n  was i n i t i a l l y  i n s t a l l e d  t o  force  o u t s i d e  a i r  under t h e  s lab .  
The reduct ion achieved (70%) was s u r p r i s i n g  i n  view of the  f a c t  t h a t  a poly- 
s ty rene  foam headboard a t  t h e  edge of t h e  s l a b  allowed a i r  from under t h e  
s l a b  t o  e a s i l y  e n t e r  t h e  basement i n t e r i o r  v i a  t h e  f i n i s h e d  w a l l s  and base- 
boards. This e n t r y  was v e r i f i e d  by use of a smoke b o t t l e  and  was confirmed 
by t h e  homeowner a s  a n  inc rease  i n  humidity and odor i n  t h e  basement. 
Concurrently,  measurements of t h e  l e v e l s  of i n s e c t i c i d e  ( a l d r i n )  i n  two rooms 
of the  basement were increased  from pre-mi t iga t ion  concent ra t ions  of 0.3 and 
0.12 ug/m3 t o  l e v e l s  of 1.40 and 1.03 ug/m3 wi th  p r e s s u r i z a t i o n  under t h e  
s l a b .  Subsequent measurements i n  these  two rooms a f t e r  t he  system was run i n  
the  sub-slab dep res su r i za t ion  mode f o r  approximately 10 weeks showed t h e  
l e v e l s  of a l d r i n  (and d i e l d r i n )  t o  be l e s s  than  0.066 ug/m^. Thus, whi le  SSP 
can be e f f e c t i v e  i n  lowering the  radon l e v e l s ,  i t  could a l s o  l ead  t o  o t h e r  
problems f o r  t he  homeowner. 

CONCLUSIONS 

Severa l  d i f f e r e n t  techniques have been t e s t e d  i n  crawl space and 
combination houses t y p i c a l  of t h e  Southeast.  It was d i f f i c u l t  t o  prevent  
radon gas from en te r ing  t h e  l i v i n g  a r e a s  wi th  only pass ive  measures. A more -  
l o g i c a l  approach would be t o  use  a c t i v e  devices  t o  remove the  radon be fo re  
i t  can get i n t o  t he  house. Two such techniques (IDCS and SPD) have been 
s u c c e s s f u l l y  demonstrated, while  a t h i r d  method (SSoD) r equ i r e s  a d d i t i o n a l  
eva lua t ion .  I n  basement houses with exposed s o i l  and poor sub-slab communi- 
c a t i o n ,  t h e  SSD technique has  been shown t o  be e f f e c t i v e  i f  s u f f i c i e n t  s o i l  
su r f ace  a rea  is  exposed under t h e  s u c t i o n  poin t  and t h e  open s o i l  a r e a s  i n  
t h e  basement a r e  t r e a t e d  appropr i a t e ly .  
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TABLE 1. HOUSES SELECTED FOR THE NASHVILLE RADON DEMONSTRATION 

House Area Desc r ip t i on  
ID NO. m2 ( f t 2 )  -- - - - --- ---- ----a 

Crawl Space Houses 

No HAC d u c t s ,  good poly s h e e t i n g  on s o i l  (95%) 
Walk-in w i t h  g a s  fu rnace  and d u c t s ,  no poly cove r  
HAC duc t s  w i th  l a r g e  l e a k s .  70% covered wi th  po ly  
No HAC d u c t s ,  no po ly ,  moderately l o o s e  s o i l  
No HAC d u c t s ,  35% covered with poly 
HAC d u c t s  i n  crawl space ,  50% covered w i t h  poor poly 
No HAC d u c t s ,  no poly,  wi th  i n a c c e s s i b l e  a r e a s  
HAC d u c t s  i n s t a l l e d  on s o i l ,  no poly 
No HAC duc t s ,  90% covered wi th  po ly  

Basements Converted From Crawl Space 

65 ( 700)  Slab w i t h  cement capped s h e l f  around pe r ime te r  
93 (1000) A l l  exposed s o i l ,  sma l l  s l a b  under  fu rnace  
28 ( 300) S lab  wi th  approximately 56 m2 (600 f t 2 )  exposed s o i l  

Combination Ba sement/Crawl Space 

105 (1125) S lab  wi th  c u t  s t o n e  w a l l s ,  19 m2 (200 f t 2 )  exposed s o i l  
177 (1900) S lab  wi th  b lock  w a l l s ,  26 m 2  (280 f t 2 )  exposed s o i  1 

Sla b -Be 1 ow -Grade 

140 (1500) F in i shed  basement wi th  56 m2 (600 f t 2 )  slab-on-grade, 
some exposed s o i l  



TABLE 2. MATRIX OF MITIGATION TECHNIQUES 

3 - 
IW 
11 

2 

1 

lei 

r u c  t u r  
Technique 

27 29 -- 
1 

2 
3 

1 2  

Lon a 

ICS 
IVCS 
IDCS 
I PCS 
S SOD 
S PD 

S SD-W 
S SD-N 
S SD-P 
s SBWD 
SSSPD 
PB 
SSP 

NOTES : # In s t a  
SSD-W = s u b - s l a b d e p r e s s .  wide p i t  ICS = I s o l a t e  crawl 

IVCS =' I s o l a t  e-vent crawl SSD-N = Sub-slab d e p r e s s .  narrow p i t  
IDCS = I so la te -depress .  c rawl  SSD-P = Sub-slab depress .  p rog re s s ive  p i t  
IPCS = I s o l a t  e-press . crawl SSBWD = Sub-slab + block  wal l  dep re s s .  
SSoD = Sub-soi l  depress .  SSSPD = Sub-slab + sub-poly depress .  
SPD = Sub-poly depress .  PB = Press .  of basement 

SSP = Sub-slab press .  

TABLE 3. NASHVILLE PRE-MITIGATION DUPLICATE CHARCOAL RESULTS ( p C i / ~ )  
November 1987 t o  A p r i l  1988 -- ---- - --- -- 

House S t a r t  Stop Crawl Space Ba s eme n t  1s t F l o o r  
I D  No. Date  ate -- 

4 / 1 1 / 8 8 2 1 . 6  22.1 
- - -- 

DW 03 4/8/88 7.0 7.1 

DW 90 12/1/87 12/3/87 29.6 29.7 15.8 15.8 
NOTES: * Levels  i n  October  1987 were 5.6 pCi/L 



TABLE 4. NASHVILLE RADON REDUCTION SUMMARY 
(Based on Charcoal  C a n i s t e r  Measurements i n  pCi/L) 

House* Crawl Space Basement 1s t F loo r  
I D  No. P r e  Pos t  %Red. Pre  Pos t  %Red.  re Pos t  X ~ e d .  Notes - 

- - -----.---- - - 
*Grouped according t o  s u b s t r u c t u r e  

NOTES: (See Table 2 f o r  m i t i g a t i o n  codes)  
Negative va lue  i n d i c a t e s  increased  radon l e v e l s  
1. ICS+SPD 
2. Two p o i n t  SPD 
3. ICS+two p o i n t  SPD 
4. Four p i t  SSoD 
5. IDCS 
6. Two po in t  SSBWD 
7. SSD-W 
8. Two po in t  SSD-W 
9. Two po in t  SSBWD-tSSSPD 

10. No measurements i n  crawl space 
11. No pos t -mi t i ga t ion  CC measurements 
12. House not  m i t i g a t e d  
13. No d u p l i c a t e  done u p s t a i r s  
14. Basement readings on top  of crawl space  w a l l  
15. Basement r ead ings  1.2 m (4 f t )  from f l o o r  1.8 m (6  f t )  f rom 

crawl space  w a l l  



- -  

TABLE 5. PERCENT RADON REDUCTION FOR EACH CRAWL SPACE MITIGATION SCHEME 

- - 

I s o l a t e  C r a w l  Space (ICS) 

( ~ a s e d  on Continuous Monitor Data i n  Living Area) - -- -- 
House I D  No. 

I s o l a t e  Vent C/S (IVCS) 18  27 -6 0 7 5 

I s o l a t e  Dep. C/S (IDCS) 90 

M i  t i g a  t i o n  DW 
Technique 29 

I s o l a t e  Pres.  C/S (IPCS) 

DW 
31 

DW 
60 

Sub-poly Dep. - 
(SPD)l Point* 6 9 60 64 
(SPD)2 Points** 87 84 

DW DW 
66 82 

Sub-soil  Dep.- 
(SSoP)2 P i t s #  
(SSoP)4 P i t s##  84 86++ - 
NOTES: Negative va lues  i n d i c a t e  increased  radon l e v e l s  

* For one suc t ion  po in t  # For two s u c t i o n  p i t s  + Worst case  cond. 
** For two s u c t i o n  po in t s  # #  For  fou r  s u c t i o n  p i t s  ++ House open dur- 

- i n g  p a r t  of test 

TABLE 6. PERCENT RADON REDUCTION FOR EACH BASEMENT TYPE MITIGATION SCHEME 
(Based on Continuous Monitor - Data i n  Basement) 

----a - 
House I D  No. 

Mi t iga t ion  Technique DW43 DW58+ DW78 DW12 DW14 DW41 - 
Sub-slab p r e s s  . (SSP) 70 ff 

Sub-slab depress.  (SSD) 2 8* 7 8 9 2 70 9 8* 

SSD + block wal l  
depress .  (BUD) 

SSD + BWD + s e a l  exposed 
s o i l  

SSD + BWD + s e a l  9 2 
wal l  f ace  - 

NOTES: Unless s p e c i f i e d  o the rwi se ,  a l l  SSD systems inc lude  two s u c t i o n  p o i n t s  
+ Post-mit igat ion d a t a  not ye t  a v a i l a b l e  
* Single  sub-slab d e p r e s s u r i z a t i o n  poin t  
** Top of wal l  sea led  

S ing le  sub-slab p r e s s u r i z a t i o n  po in t  ----- 


