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ABSTRACT 

E:-:perience ln lhe remedlatlon of schoolz has zhowu tl1ilt in 
some, highest indoor radon levels were located near large centr~l 
HVAC return ducts and were attributed to the predominance-of and 
the proximity to negative HV~C pressure. Successful 5Ub-slab 
depressurization systems ~ere installed, however, in roomfi ~ith 
lo-wer indoor but greatest ~ub-slab rtJdon levels, closest to the 
source. This shows the inadequacy of using indoor radon levels 
alone as a basis for remedlation. Wings of other schools ~ith 
radon problems have wl11dow heating units in tooms of equal :;1ze 
~nd no central HVAC ~y~tem. Hlghe3t lnJour radun levels 
correlated well ~ith highest sub-slab radon levels due to the 
equivalent effects of the window units and the predominance of 
geology. 

Diagnostic tesls in 0ther schools have revealed: blockwall 
radori transport to upper floors; elevated blockwall radon 
adjacent to sub-slab sources; and elevated indoor radon above a 
cravispace caused by HVAC-induceu negative pressure. 

The work described in this 
Environmental Protection Ag~ncy 
necessarily reflect the views 
endorsement should be inferred. 

paper was not funded by the U.S. 
and therefore the contPnt~ rln not 
of the Agency and TIO oHicial 



In the pa5t three yeare the .~uthor h.;5 conch1cted r~don Boil analy~.ee at 
approximately 20 school and numerous other construction sites in the Washington, 
DC area (Northern Virginia and Montgomery County, MD) to predict indoor radon 
potentials. Prevlou! !Oil gas ~urveys sho~ed correlations with indoor radon in [ 
existing buildings (1) and revealed that radon source~ occur along narrow linear 
trends within footprint confines of a single building, correlative with geologic 
structures in metamorphic and sedimentary rock terrains (2) ·.....,- In addition, Radon r 
Control Professionals has performed •radon remedial diagnostics and remediation in 
20-30 schools and other large buildings. · 

our experience has sho'ln the importance of the effects of both the loca.tion 
of geologic sources and HVAC-tnduced dlstrlbutiun of incioor ri:\don. I11 •jeneral, · 

' elevated radon in areas of schools with evenly distributed HVAC pressures are 
.. correlated ·with max1mum soil~·radon"emanations. However";· strong oi--iifiequaT HVAe" 

effects can redistribute Indoor rauon to areas aw.ry from the direct source. 
Effective remedlation required a coml,Jlete under~tJnding uf both contributions. 

I .. 

In some school:3 vlth rentr.'ll HVAC :..:yslem~, hlght"sl lnd1.,or radon l~vt=_o}g ~ere 

located near large return dl.lct!'l. How,·vN, hlghe~t gub-~lab rctdon mea!3Uremellt~~ 1 

~ere often located 1n nelghbor1ng rooms with lower_ lndoo_~ radon level::._ 1ndl~~t1Jl.9.. 
that the ne9atlve pressure created by the return ducts had a more Important· 
con t r i but 1 on to e 1 e ''ate d 1 n door r ad o 11 than s our c e s t re n g t h ( F 1 g u r e s 1 , 2 , and 3 ; l 
In all figurE's, aJ though ~ome alpha track measurements were available, indoor 
radon levels, shown 1n the center of each room, are two-day charcoal tests 
performed during the same winter season for comparison. Both sub-slab radon 
level3, adjacent to clrcle3, and blockwall r~don level3, Jdj~cent to 5emi­
circles, are underlined.) successful sub-slab de~·re:.sur.l zatlon S}'Stems were: I 
installed in rooms ~ith rower indoor but greatest sub-slab radon levels, closest ~ 
to the source. This shows the inadequacy of using indoor raJon levels alone as a: 
basis for remedlatlon. 
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FI G u RE 1. s p r 1 n g b r o o k H 1 g 1·1 s c h o "' 1 - I n d o o r r ::1 d o n 1 ~ v ~ 1s n o t c , r r e1 a t t=: d '*' 1 t h ::. t.t b -
slab rndun levels due to HVAC effects preJominanL rver gcoluglc ~ource 
effects. In all Figures, indoor radon l~vels ar~ in tn~ c~nter of each 
room. Both ~ub-~latJ radon level~, ndjacent to circles, and blockwall 
radon lev~l~, .:H:lj.:~cent to seml-clrdeg, .ue under1lrtt=:d. 

l- (\ 



··- ·- ..,_,. ...._ ....__ - -- ·- · ~ 
...... __ .. _, ·-· 

.. . 
:Z 

3 7 3. 

4.4 • 
~0 ~-<4 

3.4 ~-(] 
799- J 

~ -
' - ---

i 

WHITTER WOODS 

I '· 

3.4 - · 

I 

!1!0 ~~ . 
I 

4.0 

~ V .. 0 3.3 

~ 
9 -; HVAC .< 01312 7 

Return 

D 3.4 
' Ducts 

- .J 0 
. 

'· !' :li . . . " 

2.4 7.3 6.9 

• 0554 

·-· _ _. ___...._. _ .. ' . . , ,. ~ .) 

ELEMENTARY SGHOOL 
\,;, 

\ ~\ 
~ . '" 

" ' . 
-~ 

r-- -- I 
' ' 
I l 

··--- ---

-· . .. "t ! l ' i . , . ! i . 
' ! ; . .,. I 

! 
;._..::"-<,I 

l ' ; 
. ·-

' ·-· ·. 
' 

-

-i 

I 
! 
' 
L 

- - -

,, 

'1:::' ).... 

V V ......, > 
~ C· 

....... 
~~ 
)...; 

...... n::: 
·=- -u~ 

E 
......, 0 
0"'0 .- G.' 

lo-o 
rr, c:.. 

•1J 
> Q", 

.:...• 4->· ....... u 
•1) 

=......, 
-:::> ...... 
'0 4.• 
rtl ... 

U' 
< 

~ :> 
0 X 
0 
"0 
.:: 0· 
...... ~ i' 

' 

....... "'=' 
·::. 
0 

..c:: ~-, 

u­
t') •1.• 

> 
>.. G.• .......... 
ttl U'l 
~- "-' = ~ u 
ol.• 0 ell 
E~..._. 
vn:; ..... 

............ (1) 
lil 

cu 
~:..::: 

Qj n:- ~ 

'O ........ ::l 
OU'lO 
Olu; 
:.:.!:1 

=:! (.) 
~ 'J'l•...-1 
V 0' 
~ 0 
...:J -= r--1 
_, ....... 0 
..c::-Q.J 
:.=:J.::n 



' .. 

-, 
I 

~ - --
1 

I , :,_' 
~- ~; 

I 
\ 

'• 

------' 

~I 

~· ·-
s 

(" 

-

' · -
F I G ll R F, 3 • R i d ·~ e V 1 e 1J J l.ll tl11 r · H 1 y ll S cl1 (,._, 1 : . I 111]. 0•1 r r .;~ d 01 i ] t: v e l ::·. 11u t · c o r r t 1-.'l t .:: d 1.' 1t l1 

sub-slab rarlotl ie0ets'due to ~VAC effects rredarnlnant ovet - g~uluglc 
source effect:-; 

" ~ 0 
~ 
Cl1 
< 
~ 

Cl1 
2: 
~ 
c:: 
z 
~ 

0 

" :c 
~ 

~ 
:c 
en 
(") 
:c 
0 
0 
t"" 



The ~chool shown in Figure 3 has a plenum relllny ~1t!J openings for return 
air. The room with 3.2 pCi/1 has no windows or return openings in the plenum 
celllng. Differenllal pressure measutements between thls room w! \:h the door 
closed and the hallway showed no significant difference until a nearby outside 
door "Was opened and hallway air rushed outside (Table 1). We suggested sub-slnh 
depressurization for this room because it had the potential for higher radon 
levels if openings ~r~ere added in t:he retur11 plenum r.eiling or doors were opened, f 
because both would depressurize the room. ( 

TABLE 1. RIDGEVIEW JUNIOR HIGH SCHOOL - f::. P EFFECT FROtf OPEN DOOR::: 

ROOM 119: 

HVAC ON 

ADJACENT OUTSIDE 
DOOR OPENED-HALLWAY 
AIR RUSHED OUTSIDE 

TIME, SEC. 

30 
60 
90 

120 

150 
180 
?.10 

INDOOR/HALLWAY, 6. P, 
INCHES H20 COLUMN 

-.001 
-.001 
-.001 
-.001 

+. 017 
+.0;!0 
+.020 

f 

Wings of t~r~o other schools with radpn .problems have equivalent window fan 
co.il units ln rooms of equal si'ze ·and no· central . ·HVAC system. Highest indoor 
radon levels correra·ted well "With highest sub-slab radon levels due to the 
equivalent effects of th'e "Window unlls.l (F.l.g'ures.~4 am] 5). Thl~ ~r~as verified LJy 
an outside corner room in Franc~s Scott.Key, High School (Figure 4) with 1.0 pCi/1 
indoor radon and 132 pCi/1-sub-slab ·radon, the lowest source strength found. 

-· ·sub":~slab/indoor radon ratios we.re. ap(n.:oxiinately 100/1. The rooms ~r~ith elevated t 
radon are aligned along a N60'"W,~.~t!:.~·o~t,. correlative ~r~ith local :;llr>ar fractures -
(2). In Cannon Roacl Elementafry .' Sch<iol '(Figl.tr~ 5), rooms with elevated r.3don 
lev.e,ls are· a H·gned--a'long-Cf"N30"'E. 'tfen~, cen: re l·at llve with 1 oca 1 rock layers or 
foliation (2). Thus in schools '*'ith equfvarent>·-HV~C effects, geologic source 
appears t(• dictate indoor radon conc(:ntrr~ti : ns."; ::::·. \,~ ·' 

,_.,... _ __,_,/lt{lfl...ri I 
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r 
Hartln Luther King Junior High School (Figure ~1 revealed Indoor radon 

migration through blockwall5 from the flr5t floor to the eecond floor. Rooms 
n~ar the center of th~ school ancJ in the ~outheast corner had both f lrst and 
second floor radon levels equivalent to adjacent blockwall radon lev~ls, showing 
that second floor radon problems w~re caused by vertical migration through 
blockwalls. Sub-slab depressurization with appropriJtely plac~d blockwall 
penetratlons remedl.lted the school. 
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Two 5chool5 (Figure5 7 and 8) Bhowed apptoximately ~quiv~lent hlork· 
~all/sub-slab radon concentrations revealing radon migration into block~~lls 
directly from the ~ub-slab source . . Thls. shows .the .. need to asse.~ blogjt:;all xadon 
measurements to determine when blockwall penetratlons ~re required based upon 
high blockwall/sub-sl~b radon ratios. 
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by the unvented enJ of a crawlspace (Figure 9). Table 2 shows the re~ults 
indoor/outdoor 6 P measurements with a mlcromanometer. A Tygon tube vas run c ~ 
the hlgh pressure port of the mlcr omanomcter to outside a window, sealed s t 
wlth tape, while the lov pressure port waa open .to f l rst th~ room and then 
crawls'p,:lce. An aquarium stone ~r~as attar.hed t"o the high pressure tube outside 
minimize wind effects. The dlfC~H nt1.Jl pr~~ssures ~r~~rP. lhen me asure d ln both 1 

room and the cra'Wl~puce by lurnlng the cP.ntr.:-tl IIVAe· ~yst em on ·v lth the £>Xhn • 
. fan off and then ~ith the exhau~~ hn on. - ResuHs-· rep·trrted " ln- T.3ble 2 shov tr 
the HVAC-·system cr-eated a negative pressure in the room resulting in radon leve 
nearly as hlgh as a two-day average vithln 60 seconds. The exhaust fan, blow ! 
from the room into the cravlspace, diminished this effect. In the crawlspac 
the HVAC system ~ created an equal negat i ve pressure with the exhaust off t 
higher radon levels. However, the exhaust fan created a posit i ~~ p~essure in t 
crawlspace qre.;tly dlminls~lng the radon levels; · Th ~oietic.3lly press urizing t 
crawlspace ~Jith outside o\r would optlmally reduce cra.~lspa cr-e rndon level 
However W'arm summer outside air entering the cool cra~Jlsp.:lce cau ses condensati 
problems so rem~dti'ltion was achieved by .'lddlJ g anoth~r c:r.:~wlsp.:~ce· vent below t 
problem room and running an exhaugt Hn~ from -~ rot?l -mollnt.~;ri f.:tn lnt0 t 
cra'Wlspace, as sho~Jn ln Figure 9, to dra..., radon from the crawlzpa ct:- at a 111 
enough r.:tte tO c)Vt:'[C~~tne th~ li'ICrr? .:\ ~to ll'l r.3.(1Qn 1<::-Vr:lt'. ftc)ll\ d(:pre~51.1tiZ::It1c)ll. 
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TAB-15:112 .. 'WHITE OAK MIDDLE SCHOOL - 6 P AND RADC1N t DEPENDENCY~ ON HV.AC AND 
~ · EXHAUST FAN 

' ~ . . 

- ~·F ROOM ·no~f:t . 

'• 

'c -::': .. . -~ :_ . ... : 

; .. ' - HVAC- ·aN~· 

· · EX'HAUST FA'N 
'-: OFF~ 1 :;:, · 

HVAC ON, 
EXHAUST ON 

CRAWLSPACE: . 

·--- - --, ~ r. 
HVAC ON, 
EXI;IAUS'l! OFF 

l 
' I 

l• ~ • • 
~.J r1: J "; ._, -HVJfC ON, _..,J 
.. -; ~ \. ·:. ;: Y, EYHAi)ST ON 

& - ~ ~ 
:1 1:; •• • • 

_,. .... . ,._-
• . 2 

)--: . .. 

15 
30 

. 60 

15 
30 
60 

.., 
'· • · 

120 .. 

15 
•. 30 

60 

15 
30 

. . 
-. :. ' 

\.:l 

, , INDOOR/OUTDOOR, A~, 
INCHES H2~"COLUMNJ: : 

' . 

-.005 ,; 
.. -. 008 
-.··oto 

0 
0 

-.002 
. -. 005 

-AlOS-
-.008 
- .·010 

\ 
+. 0 5'0 
+.100 

j" 
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4. 5 

<0.1 

13.0 

1.4 
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