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Experience I n  the remediation of schools and other 1-arqe 
buildings has shown the importance of the effects of both the 
location of geologic sources and HVAC-induced distribution of 
Indoor radon. in general, elevated radon In areas of schools 
with evenly distributed HVAC pressures are correlated vlth 
maximum soil radon emanations. However, strong or unequal HVAC 
effects can redistribute indoor radon to areas away from the 
direct source. Effective remedlatlon required a complete 
understanding of both contributions. 

In some schools, highest lndoor radon levels were located 
near large return ducts and vere attributed to proximity to 
negative HVAC pressure. Successful sub-slab depressurization 
systems vere Installed, however, In rooms with lover indoor but 
greatest sub-slab radon levels, closest to the source. This shows 
the Inadequacy of using indoor radon levels alone as a basis' for 
remediatlon. 

wings oi two other schools with radon problems have 
equivalent window Fan coil units in rooms of equal size and no 
central W A C  system. Hlghest lndoor radon levels correlated veil 
vlth highest sub-slabradon levels due to the equivalent effects 
of the vindow units. 

Diagnostic tests in other schools have revealed: blockwall 
radon transport to upper floors; high blockwall radon adjacent to  
sub-slab sources; and elevated indoor radon over crawlspace being 
drawn upward by HVAC-induced negative pressure, determined from 
lndoor to outdoor micromanometer measurements. 



tit the pact three year6 Mdori Control rroteesional~, inc. has conducted ^\ radon soil analyses at approximately 20 school and numerous other construction 
sites in the Washington, DC area (Northern Virginia and Montgomery County, MD) to 
predict lndoor radon potentials. Previous soil gas surveys showed correlations 
vlth indoor radon in existing buildings (Hall, 1988) and revealed that radon 
sources occur along narrow linear trends within footprint confines of a single 
building, correlative with geologic structures in metamorphic and sedimentary 
rock terrains (Hall, 1989 1 .  In addition, ve have performed radon remedial 
diagnostics and remediation in 20-30 schools and other large buildings. 

our experience has shown the importance of the e Â £ Â £ e c  of both the location 
of geologic sources and HVAC-induced distribution of Indoor radon. In general, 
elevated radon in areas of schools vlth evenly distributed HVAC pressures are 
correlated with maximum soil radon emanations. However, strong or unequal HVAC 
effects can redistribute indoor radon to areas away from the direct source. 
Effective remediation required a complete understanding of both contributions. 

In some schools vith central HVAC systems, highest indoor radon levels were 
located near large return ducts. However, highest sub-slab radon measurements 
vere often located in neighboring rooms wlth lower indoor radon levels Indicating 
that the negative pressure created by the return ducts had a more important 
contribution to elevated indoor radon than source strength (Figures 1, 2, and 3; 
In all figures, although some alpha track measurements were available, indoor 
radon levels are two-day charcoal tests performed during the same winter season 
for comparison). Successful sub-slab depressurization systems vere installed In 
rooms vith lover indoor but greatest sub-slab radon levels, closest to the 
source. This shows the inadequacy of using indoor radon levels alone as a basis 
for remediatlon. 

The school shown in Figure 3 has a plenum ceillng with openings for return 
air, The room with 3.2 pCl/l has no windows or return openings in the plenum 
ceillng. Differential pressure measurements between this room with the door 
closed and the hallway shoved no significant difference until a nearby outside 
door was opened and hallway air rushed outside (Table 1). We suggested sub-slab 
depressurization for this room because it had the potential for higher radon 
levels if openings vere added In the return plenum ceiling or doors vere opened, 
because both would depressurize the room. 

Wings of two other schools wlth radon problems have equivalent window fan 
coil units In rooms of equal size and no central HVAC system. Highest lndoor 
radon levels correlated veil with highest sub-slab radon levels due to the 
equivalent effects of the vindov units. (Figures 4 and 5 ) .  This was verified by 
an outside corner room in Francis Scott Key High School (Figure 4 1  with 1.0 pCi/l 
indoor radon and 132 pCl/1 sub-slab radon, the lowest source strength found. 
Sub-slab/indoor radon ratios were approximately 100/1. The rooms vith elevated 
radon are aligned along a N60Â° trend, correlative vlth local shear fractures 
(Hall, 1989 1 .  In Cannon Road Elementary School (Figure 5 ) ,  rooms with elevated 
radon levels are aligned along a N30Â° trend,correlative vith local rock layers 
or foliation (Hall, 1989). Thus in schools with equivalent HVAC effects, 
geologic source appears to dictate lndoor radon concentrations. 



Martin Luther King Junior  High School (F igure  6 )  revea led  indoor radon 
migration through block wal l s  from the  f irst  f l o o r  t o  t h e  second f l o o r .  Rooms 
near the  cen te r  of t h e  school  and i n  t he  sou theas t  corner  had both first and 
second f loo r  radon l e v e l s  equ iva l en t  t o  ad jacent  block v a l l  radon l e v e l s ,  showing 
t h a t  second f l o o r  radon problems ve re  caused by v e r t i c a l  migra t ion  through block 
v a l l s .  Sub-slab dep res su r l za t lon  wlth accu ra t e ly  placed block v a l l  pene t r a t ions  
remedlated the  school .  

Two schools  (F igu res  7 and 8 )  showed approximately equ iva l en t  block 
wall/sub-slab radon concent ra t ions  revea l ing  the  need t o  a s s e s s  blockwall radon 
l e v e l s  t o  app ropr i a t e ly  mi t iga t e  blockwalls  where needed. 

In  one school  radon problems e x i s t e d  over one end of a room (F104) under la in  
by the  un-vented end of a crawlspace (F igure  9 ) .  Table 2 shows t h e  r e s u l t s  of 
lndoor/outdoor AP measurements wlth a nicromanometer. A Tygon tube  vas run from 
the  high pressure  p o r t  of t h e  micromanometer t o  ou t s ide  a window, s e a l e d  s h u t  
w i t h  tape, while t h e  low pressure  p o r t  was open t o  f i r s t  t h e  room and then the  
crawlspace. An aquarium s tone  was a t t ached  t o  t h e  high p re s su re  tube  o u t s i d e  t o  
minimize vlnd e f f e c t s .  The d i f f e r e n t i a l  p ressures  vere  then measured In both the  
room and the  crawlspace by tu rn ing  t h e  c e n t r a l  HVAC system on wi th  t h e  exhaust  
fan o f Â  and then w l t h  t he  exhaust fan on. Resul t s  r epo r t ed  in  Table 2 show t h a t  
the  HVAC system c rea t ed  a negat ive pressure  i n  t h e  room r e s u l t i n g  i n  radon l e v e l s  
nearly a s  high a s  a two-day average within 60 seconds. The exhaust  fan, blowing 
from t h e  room i n t o  t h e  crawlspace, diminished t h i s  e f f e c t .  In  t h e  crawlspace, 
the  HVAC system c r e a t e d  an equal  negat ive pressure  wl th  the  exhaust  of f  but 
higher radon l e v e l s .  However, t h e  exhaust  fan  c rea t ed  a p o s i t i v e  p re s su re  i n  t he  
crawlspace g r e a t l y  diminishing t h e  radon l e v e l s .  Therefore remediat ion was 
achieved by adding another  crawlspace vent  below the  problem room and running an 

Ã exhaust line from a roof-mounted fan i n t o  t h e  crawlspace, a s  shown in Figure 9 ,  
t o  pressur ize  t h e  crawlspace.  

The major coriclusion I s  t h a t  a l l  aspects of both the  HVAC system and the  
sub-slab qeoloqy should be analyzed for  each school  or  o the r  l a rge  bui ld ing  
ind iv idua l ly  t o  achieve optimum remediation. 
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SPRINGBROOK H I G H  SCHOOL 







HVAC ON 

RIDGEVIEW JUNIOR HIGH SCHOOL 

120 - 1 '  

ADJACENT OUTSIDE 150 +. 017 
DOOR OPENED-HALLWAY 180 +. 020 

210 AIR RUSHED OUTSIDE +.020 ' 

TABLE 1. 
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SPRINGBROOK HIGH SCHOOL 

FIGURE 7. 



B l o c k w a l l  
penetration 

RIDGEVIEW JUNIOR HIGH SCHOOL 

2 - 
n 

FIGURE 8. 

- 

276 - 
3.2 

4 

^ 

- 
. 

I I 

d 

I 

- - 



F I G U R E  9 .  

WHITE OAK MIDDLE SCHOOL 
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WHITE OAK MIDDLE SCHOOL 

HVAC ONl 
EXHAUST FAN 
OFF 

HVAC ONl 
EXHAUST ON 

HVAC ONr 
EXHAUST OFF 

HVAC ONr 
EXHAUST ON 

TABLE 2 .  


